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Available forthe firsttime! The new Maplin 
magazine binder that holds twelve issues of 
Electronics, the Maplin magazine. Ifyou have not 
gotthe world of Electronics covered, now's your chance! 
This great, quality binder comes in hard wearing, i = : — 

laminated art board, that not only looks good on your We\ ee HOLOGRAM, 
bookshelf or workshop desk, butis also a great way to |) OY) een Se aa 
build up an Electronics reference library of your own! we asy 

















Now you cankeep all of yourcopies of Electronics, 
the Maplin magazine, together and on hand for when 
you need that extra piece of information. To order your 
binder simply fillin the orderform provided in this issue of 
Electronics. Only £5.95 (plus £1.20 handling charge). 
Orderno: XH99H. 


THE NEW MAPLIN MAGAZINE BINDER... 
A GREAT WAY TO GET THE WORLD OF ELECTRONICS COVERED! 
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REMOTE CONTROLLED DOOR 
LOCK AND PORCH LIGHT Can you 
hold six bags of shopping and open your 
front door? Well, with this ingenious pro- 
ject you can! 


OPERATIONAL AMPLIFIER 
DEVELOPMENT BOARD This 
handy project allows all-manner of Op- 
amp based circuits to be easily devel- 
oped and evaluated. Ideal for circuit 
design, educational use and many other 
applications. 


XENON STROBOSCOPE Liven-up 
your next ‘rave’ with this flashy little 
project; it's easy to build and features 
flash-rate adjustment over a wide range. 


ELECTRONIC CAR IGNITION 
SYSTEM Improve your car's cold start- 
ing performance and reliability with this 
add-on electronic ignition project. 


Bu uild an ‘Intra- Red Door Lock 
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NEURAL NETWORKS - THEIR 
APPLICATION AND USE Computing 
techniques, modelled on the human brain, 
are being used to solve complex problems. 
Douglas Clarkson explains what neural 
networks are and how they can be used. 


WHAT EVER HAPPENED TO CB 
RADIO? During the early eighties, after 
much public pressure, CB radio was 
legalised in the UK. All the enthusiasm 
has long since died down — or has it? 


A PRACTICAL GUIDE TO USING 
VALVE TECHNOLOGY In the second 
part of this hands-on series, Graham Dixey 
describes the operation and application of 
the triode valve. A design for an HT/LT power 
supply is also presented, which forms the 
basis for experimentation with valve circuits. 


UNDERSTANDING AND USING 
PROFESSIONAL AUDIO EQUIP- 
MENT Tim Wilkinson takes a look at 
stereo recording techniques, in particular 
he focuses on MS Stereo. 


>) ESSENTIAL READING! 
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SATELLITE TV RECEIVER REVIEWS 
If you're considering upgrading your equip- 
ment or are just starting out with satellite 
TV, our resident dish-doctor, Martin Pipe, 
has some helpful advice. He takes a criti- 
cal look at some of the satellite receivers 
currently available in the first of two equip- 
ment reviews. 


HARNESSING SOLAR POWER 
Power projects and recharging batter- 
les are just some of the possibilities with 
solar power. Find out how you can make 
use of this free energy source. 


Due to lack of space, Part 6 of The History 
of Computers has been held over until next 
month's issue. 


5 NOT TO BE MISSED! 
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Save on car 
running costs... 


Find out how 
on page 53 


Discover the secrets of stereo 


recording on page 48 


The Secrets of Neural Networks 





_ Find out how to build this | 
_Xenon Strobe on ‘page 44 | 
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Hello and welcome to this month’s issue of 
‘Electronics’! 

Just in case you’re not already aware, 
leading semiconductor manufacturers Intel 
and Motorola have recently announced their 
latest super microprocessor offerings to the 
electronics and computing world. It is a 
sobering thought that a little over ten years 
ago, technology was a lot different. Many of 
you will remember (Sir) Clive Sinclair’s ZX80 
and ZX81 personal computers, which ushered 
in the domestic computer revolution in the 
early eighties. Prior to this time, most 
computer enthusiasts were also very keen 
on electronics; they had to be, as it was a 
case of building hardware themselves and 
adapting cast-offs from industry and 
commerce (remember teletypes!). Both the 
ZX80 and ZX81 were offered in kit form (as 
well as ready built) and were advertised in 
the electronics and computer popular press 
of the day. The ZX81 had 1KB of memory, 
whilst today 1MB is considered miserly. 

During the ‘80s numerous home 
computers came and went; the Commodore 
VIC-20, Dragon 32, to name but two. 
However, by this time computer users were 
strongly discouraged by manufacturers from 
opening their machines and dabbling with the 
innards. This may well have helped to breed 
a particular type of computer enthusiast, those 
that knew very little of the world of electronics. 
However, as we approach the middle of the 
final decade of this century, the tables are 
turning once again. Computer users are fast 
becoming adept at throwing together their 
own custom machine from a wide choice of 














component cards. It is now easy to upgrade 
from a 386 to a 486 processor, or add a 
second hard disk, printer port or more 
megabytes of memory. It will be interesting 
to see what the next decade brings .... 

In this issue there is a special feature on 
neural computing techniques; this new 
technology (if you can actually call it new, 
since it is modelled on the operation of the 
brain), can be used to solve complex 
problems. For example, image and voice 
recognition, otherwise quite difficult tasks 
with traditional computing techniques, can be 
realised relatively easily with neural networks. 
The processing elements work in a parallel 
fashion, simultaneously assimilating 
information, this coupled with a ‘learning 
ability’ achieves the desired result. Douglas 
Clarkson, discusses in depth the development 
and application of neural networks. 

So until next month, | hope you enjoy 
reading this issue as much as ‘the team’ and 
| have enjoyed putting it together for you! 
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Turn to page 68 
to find out how! 
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Project Ratings 


Projects presented in this issue are rated on a 1 to 5 for ease or difficulty of 
construction to help you decide whether it is within your construction capabilities 
before you undertake the project. The ratings are as follows: 


a Simple to build and understand and suitable for absolute beginners. Basic 
maine} Of tools required (€.g., soldering iron, side cutters, pliers, wire strippers and 
screwdriver). Test gear not required and no setting-up needed. 


[3] Easy to build, but not suitable for absolute beginners. Some test gear (e.g., 
mmc} Multimeter) may be required, and may also need setting-up or testing. 





Average. Some skill in construction or more extensive setting-up 
mame} required. 





B3| Advanced. Fairly high level of skill in construction, specialised test gear 
Ee setting-up may be required 


[E3|_ Complex.High level of skill in construction, specialised test gear may be 
\sac} required. Construction may involve complex wiring. Recommended for 
skilled constructors only. 


Ordering Information 


Kits, components and products stocked by Maplin can be easily obtained in a 
number of ways: 

Visit your local Maplin store, where you will find a wide range of electronic 
products. If you do not know where you nearest store is, refer to the advert is 
this issue or Tel: (0702) 552911. To avoid disappointment when intending to 
purchase products from a Maplin store, customers are advised to check 
availability before travelling any distance. 

Write your order on the form printed in this issue and send it to Maplin 
Electronics, P.O. Box 3, Rayleigh, Essex, SS6 8LR. Payment can be made 
using Cheque, Postal Order, or Credit Card. 

Telephone your order, call the Maplin Electronics Credit Card Hotline on 
(0702) 554161. 

If you have a personal computer equipped with a MODEM, dial up Maplin’s 
24-hour on-line database and ordering service, CashTel. CashTel supports 
300-, 1200- and 2400-baud MODEMs using CCITT tones. The format is 8 data 
bits, 1 stop bit, no parity, full duplex with Xon/Xoff handshaking. All existing 
customers with a Maplin customer can access the system by simply dialling 
(0702) 552941. If you do not have a customer number Tel: (0702) 552911 and 











we will happily issue you with one. Payment can be made by credit card. 

If you have a tone dial (DTMF) telephone or a pocket tone dialler, you 

can access our computer system and place orders directly onto the Maplin 
computer 24-hours a day by simply dialling (0702) 556751. You will need 

a Maplin customer number and a personal identification number (PIN) to 
access the system. If you do not have a customer number or a PIN number 
Tel: (0702) 552911 and we will happily issue you with one. 


Full details of all of the methods of ordering from Maplin can be found in the 
current Maplin Catalogue. 


Prices 


Prices of products and services available from Maplin, shown in this issue, 
include VAT at 17:5% (except items market NV which are rated at 0%) and 

are valid between 2nd July 1993 and 31st August 1993. Prices shown do not 
include mail order postage and handling charges, which are levied at the current 
rates indicated on the Order Coupon in this issue. 


Technical Enquiries 


If you have a technical enquiry relating to Maplin projects, components and 
products featured in ‘Electronics’, the Customer Technical Services Department 
may be able to help. You can obtain help in several ways; over the phone, 

Tel: (0702) 556001 between 2pm and 4pm Monday to Friday, except public 
holidays; by sending a facsimile, Fax: (0702) 553935; or by writing to: Customer 
Technical Services, Maplin Electronics PLC., P.O. Box 3, Rayleigh, Essex, SS6 
8LR. Don't forget to include a stamped self-addressed envelope if you want a 
written reply! Customer Technical Services are unable to answer enquiries 
relating to third-party products or components which are not stocked by Maplin. 


‘Get You Working’ Service 


If you get completely stuck with your project and you are unable to get it working, 
take advantage of the Maplin ‘Get You Working’ Service. This service is available 
for all Maplin kits and projects with the exception of: ‘Data Files’; projects not built 
on Maplin ready etched PCBs; projects built with the majority of components not 
supplied by Maplin; Circuit Maker ideas; Mini Circuits or other similar ‘building 
block’ and ‘application’ circuits. To take advantage of the service, return the 
complete kit to: Returns Department, Maplin Electronics PLC., P.O. Box 3, 
Rayleigh, Essex, SS6 8LR. Enclose a cheque or Postal Order based on the price 
of the kit as shown in the table below (minimum £17). If the fault is due to any 
error on our part, the project will be repaired free of charge. If the fault is due any 
error on your part, you will be charged the standard servicing cost plus parts. 


Kit Retail Price Standard Servicing Cost 
up to £24.99 clr 

£25 to £39.99 £24 

£40 to £59.99 £30 

£60 to £79.99 £40 

£80 to £99.99 £50 

£100 to £149.99 £60 

Over £150 £60 minimum 

Readers Letters 


We very much regret that the editorial team are unable to answer technical 
queries of any kind, however, we are very pleased to receive your comments about 
‘Electronics’ and suggestions for projects, features, series, etc. Due to the sheer 
volume of letters received, we are unfortunately unable to reply to every letter, 
however, every letter is read — your time and opinion is greatly appreciated. Letters 
of particular interest and significance may be published at the Editors discretion. 
Any correspondence not intended for publication must be clearly marked as such. 
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There is a battle brewing between two of 
the largest integrated circuit manufacturers, 
which looks set to change the face of 
consumer electronics. Whichever of these 
chip makers wins the battle, consumer 


devices such as televisions, videocassettes, 


mobile communications and, primarily 
computers, will be changed forever. This 
is all happening, although the poor-old 
consumer doesn’t realise it yet and isn’t 
being consulted about the changes likely 
to occur over the next decade. 

The two integrated circuit manufacturers 
are Intel and Motorola. A bit of history, first. 

Over the last ten years or so, most 
personal computers have used Intel 
microprocessors and associated peripheral 
integrated circuits. Personal computers 
based on the Intel 80x86 (e.g., 8086, 80286, 
80386, and the latest — 80486) family of 
chips have dominated the computing 
arena. Some 90% of business computers 
worldwide have been based on Intel’s 
range. As a result, Intel has made and sold 
literally millions of integrated circuits and 
has — as you’d expect — made a little bit of 
money in the process. 

Sure, Motorola has its own family of 


microprocessors (the 680x0 range — 68000, 


68020, 68030, 68040) which match — and 
indeed more than match in many cases — 
the Intel equivalents. But Motorola has 
never been able to crack Intel’s domination 
of the market and, except in a couple 
of notable exceptions, hasn’t had its 
microprocessors used in mainstream 
business computers. However, this hasn't 
stopped Motorola developing and making 
them. Instead of mainly supplying the 
personal computer market, however, 
Motorola makes its profits in many other 
fields — for example, communications and 
embedded controllers — as well as 
computers. More about this later. 

Things are now set to change. Both 
manufacturers are in the latter stages 
of developing their next-generation 
microprocessor families. Intel’s is called 
Pentium. Motorola’s is the PowerPC. Note 
these names, they'll become increasingly 
important over the next few years. Both 
manufacturers have announced designs, 
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with Keith Brindley 


although only Motorola to date has begun 
shipping. Indeed, the PowerPC has been 
used by Apple in a demonstration computer 
running at 80MHz, which by all accounts 

is a mean machine. 

In reality, Motorola’s lead to the market- 
place needn’t necessarily — by itself — be a 
particularly worrying aspect for Intel. Intel’s 
base of personal computers should 
guarantee high sales, simply because 
already purchased software should run on 
Pentium-based computers. DOS, Windows, 
applications and so on will be transportable 
(within limits) between 80x86 computers 
and Pentium ones. 

On the other hand, supplementary factors 
may well be worrying. For a start, IBM the 
makers of the 80x86-based personal 
computers which started all this revolution 
in computing intends not to use Pentium, 
instead opting for PowerPC. IBM is the 
world’s largest manufacturer of personal 
computers, making about 10% of the 
world’s supply on its own. Apple, the world’s 
second largest manufacturer (also making 
about 10% of the world’s supply) is to 
continue to use Motorola devices. These 
two manufacturers alone will shift millions of 
computers a year. There are unconfirmed 
reports coming out of Motorola that several 
other previous users of Intel’s devices are 
developing PowerPC-based products, too. 
How many other previous users of Intel’s 
devices, and how many other new 
microprocessor users go for the PowerPC 
are, as yet, unanswered questions no doubt 
on the lips of many Intel senior managers. 

Another concern for Intel is Motorola’s 
base in the markets outside computing. 
PowerPC is available as an embedded 
controller, so consumer products of all types 
will be able to use it. Ford, the car and truck 
manufacturer, for example, is to use the 
PowerPC family as an em-bedded controller 
in automobile systems. Motorola’s 
experience in communications will 
ensure PowerPC is used there too. 

All this creates another worry for Intel — 
price. Motorola has initially pitched the 
PowerPC much lower than (down to a 
quarter of) Intel’s Pentium price. Further, 
every time PowerPC doubles in sales, price 
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falls 30%. Because Motorola will use 
PowerPC in other markets apart from 
computing, sales of PowerPC will be 
inevitably higher than Pentium’s, so will 
probably always be cheaper. PowerPC 
was designed right from the start as a 
cross-application family of devices. 

Concern for Intel also comes from a 
potential second-source manufacturer AMD, 
which looks set to be able to produce its 
own versions of 80486 microprocessors, 
and wants to make pentium equivalents as 
well. While Intel is seeking to quash AMD 
in a legal battle, AMD is still gearing up to 
production. If AMD succeeds, Intel prices 
(and therefore profits) will fall due to 
competition and market forces. 

But possibly the biggest worry for Intel 
has got to be Pentium’s introverted use. 
It's basically intended to replace 80x86 
computers and so will do just that — nothing 
more, nothing less. It’s a computer chip 
upgrade. PowerPC, on the other hand, is 
designed to run any operating system. As 
a result, workstation operating systems like 
Unix, as well as Apple’s own system, will 
run on it. Indeed, as | write this, it looks 
almost certain (though unconfirmed) that 
Microsoft's new Windows NT operating 
system will be written to take advantage 
of PowerPC as well as Pentium. This is 
probably true (and maybe you'll already 
have seen reports which do confirm it) 
and logical. After all, Microsoft is already 
committed to developing its applications 
to run on PowerPC computers (just as it 
already produces versions for the Motorola- 


_based Apple Macintosh). It would make 


sense for a software producer to produce 
allits software (and this includes Windows, 
of course) to run on any major computer 
platform. 

lf Windows does become available on 
PowerPC it will, at a stroke, remove the 
very reason why Intel has dominated the 
personal computer market. If a user can run 
Windows (or whatever operating system he 
wants) and all his existing applications and 
software on a computer which is cheaper, 
faster, and what’s more already available, 
why should he stick with an Intel-based 
computer? | don’t know, does Intel? 
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Introduction to 


NEURAL 
NETWORKS 


ven as we draw breath in 1993 and survey the many milestones of technology of the 
past 100 years, it often comes to mind that, in terms of what man tries to invent and 
develop, there is nothing new under the sun. In the subject of artificial neural networks 
this is very apt for the new topologies of connective computing, currently being developed 
as software algorithms or as smart silicon hardware, and which are but the first faltering steps 
toward imitation, following in the successful path taken long-ago by nature, in developing 





A Changed Identity 


The study of neural networks has brought about 
a quiet revolution in linking various previously 
separate compartments of science. Scientific meet- 
ings on neural networks will now attract computer 
scientists, mathematicians, software engineers, 
psychologists and biologists, so that there is a 
more balanced approach to developing and ex- 
changing theories. 

This has resulted in a good combination of 
expertise for a number of reasons. Computer sci- 
entists were making limited progress in developing 
models of the brain, thinking it behaved like a mas- 
sively complex digital computer. On the other hand, 
biologists had not been making significant progress 
in trying to assess collective neuron function, 
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‘natural’ neural computing. 


because they lacked the mathematical models 
needed to develop and structure ideas based on 
their observations of neuron activity of living 
systems. 


A Brief History of Neural 


Networks 


It was the paper ‘A Logical Calculus of the Ideas 
Immanent in Nervous Activity’, published in 1943 
by McCulloch and Pitts, which established a for- 
mal structure for modelling the function of a neu- 
ron receiving impulses, and processing these within 
its own structure. Its definition of formal logic 
processes was also highly significant for other 
fields. This paper communicated its thoughts to a 
broad and energetic community, and stimulated 








development in digital computers, expert systems 
and artificial neural networks. 

John Von Neuman found inspiration from this 
to develop one of the first digital ‘electronic brains’ 
in the guise of ENIAC. Marvin Minsky was able, 
in the summer of 1951, to construct an elementary 
‘neural computer’ which could negotiate a ‘maze’ 
and subsequently he contributed greatly to the 
development of expert systems using rule based 
logic. Frank Rosenblatt, as a neuro-biologist, devel- 
oped, in the mid-1950s, models of neurons which 
could facilitate vision. His ‘perceptron’ model of 
vision can now be recognised as the basic structure 
comprised of layers of a neural network. The 
‘perceptron’ concept was implemented as a grid 
of 400 photocells which were linked in associative 
patterns. 

There was, however, a missing link in the devel- 
opment of neural networks which became evident 
during the late 60s, and led to a reduction of their 
interest. This was brought about by the publication 
of the book ‘Perceptrons’ in 1969 by Marvin 
Minsky and Seymour Papert of the MIT Research 
Laboratory of Electronics. 

However, a smaller field of researchers contin- 
ued with their developments in neural networks. 
Teuvo Kohonen of the Helsinki Technical 
University in Finland developed, during the 1970s, 
adaptive ‘self’ learning networks. The lecture given 
by John Hopfield of Caltech to the National 
Academy of Sciences in 1982 did much to 
reawaken interest in neural networks. In particular 
he identified the potential that artificial neural net- 
works have to be trained at the ‘energy minimum’. 
While it was understood how they could be made 
to work to solve real problems (nature used them 
all the time), the technique for traiming artificial 
networks to do useful work failed to materialise. 

It is often the case that one individual stumbles 
across a result which is the missing link to the next 
stage in development. Just as, within days of 
Roentgen’s discovery of X-Rays in 1892, hundreds 





Left: A neural network plug in PC card, 
Neural Technologies Ltd. 


Maplin Magazine August 1993 

















Synapse 


Cell membrane 


Dendrites 


Synapse 


Synapse 





of people across the world were duplicating his 
results, so, when an appropriate method of training 
neural networks to do useful work was established 
by Rumelhart, Hinton and Williams in 1986, liter- 
ally hundreds of research groups across the world 
launched out on their own neural network projects. 

This time, instead of trying to find out how to 
make them perform useful functions, developments 
were related to making them undertake useful 
work. As with a good many ‘discoveries’ in sci- 
ence, not only did several researchers in the field 
report similar methods independently, but an earl- 
ier researcher in 1974 had apparently stumbled on 
the solution and not recognised its significance. 
This began a phase of very rapid growth of the 
technology of neural networks, and indeed a phase 
which is very much on-going. 


Parallel Processes 


A simple assessment of the function of the human 
brain indicates that it is a massively parallel-con- 
nected system. The typical human brain contains 
around 100-billion neurons. Each neuron can have 
up to 10,000 links which connect to other neurons, 
and often over distances of several centimetres. A 
conventional digital computer undertakes to 
process its instructions exclusively in series in a 
very precise way. In many respects the accuracy of 
the digital computer is unsurpassed. The machine 


can more or less be guaranteed to control every 


state of the system it manipulates — there are no 
uncertainties. 

The key to understanding natural systems of 
connected neurons, however, lies in their basic 
structure, as shown in Figure 1. The neuron 
receives inputs from synapses which connect to 
other neurons. The ‘output’ of a neuron is com- 
municated along its ‘axon’ connection. Thus one 
axon can communicate to a number of separate 
neurons and also to several sites on the one linked 
neuron. 

Active neurons release pulses of electrical activ- 
ity at various frequencies. As a burst of activity 
propagates along an axon it terminates at a “synap- 
tic gap’ and releases a packet of chemicals, which 
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in turn stimulate propagation of the signal into the 
receiving neuron. In ‘natural’ neural networks neu- 
ron: density is exceedingly high, but the speed of 
signal propagation is relatively slow. 

It has been shown that simultaneous synaptic 
activity can result in LTP —Long Term Potentiation. 
This implies that synapses which are active tend to 
develop and strengthen their activity. This process 
was first proposed by Donald Hebb, the Canadian 
Psychologist, in 1949. Numerous centres are seek- 
ing a more complete understanding of the role of 
chemical changes at synaptic ‘intersections’. 

Within the mammalian nervous system there 
are over 100 different kinds of such neurons. The 
human brain must, therefore, be considered to have 
an exceedingly high number of individual synap- 
tic/connections. In total it is considered that each 
human brain can have as many as 100,000 billion 
synapses. While aspects of general organisation 


Figure 1. (Left) Simplified structure of neuron 
with attached dendrites and axon. The state of © 
the neuron is communicated ‘forwards’ by the 
axon and is determined by complex synaptic 
interactions over the surface of the neuron. 

Figure 2. (Below) A typical processing element of | 
an artificial neural network. The series of inputs 
have their values modified by a series of weights 
and the sum of their products is processed by a 
‘transfer’ function to give an output value. 


will be similar between individuals, the fine details 
of local connections must be strikingly unique. 
There is considerable debate regarding changes in 
synaptic linkages during the various lifestages of 
the human brain. There are at present no simple 
answers. We know more about the rings of Saturn. 

What soon becomes apparent, however, is that 
there is a high level of interconnectivity in all sens- 
ory functions. Consider the act of sitting down 
and eating a meal with a knife and fork. Sitting at 
the table, the hands grip the knife and fork (hold- 
ing, and sensory feedback on holding), a morsel of 
food is moved towards the mouth (vision system 
interacts with muscles of hand/arm and jaw/ 
mouth), and the taste and smell of food is experi- 
enced (olfactory system). While all this is going on 
the diner can be viewing all that is happening in 
front of him and be listening to various conversa- 
tions around the table. (And this is quite apart from 
the ‘autonomic’ processes also going on, like car- 
dio-vascular activity, digestion, etc.) Our brains are 
therefore well connected — different senses are 
aware of each other. 

While there are a great many mysteries in 
human learning, much of the human learning 
process is one of ‘learn by experience’; the muscle 
control required for walking, the sounds required 
in talking, are all learned by trial and error. It is con- 
sidered that part of the learning process relates to 
the relative extent of synaptic size. Thus synaptic 
links which fire frequently assume greater signific- 
ance than those which fire infrequently. In general 
terms then the neural linkages become modified by 
the level of stimulation. This aspect of LTP (Long _ 
Term Potentiation) is being researched in various 
centres, and may bring major developments to the 
understanding of memory and learning. 

Seen in perspective, therefore, digital comput- 
ers are quite alien to mother nature in as much as | 
it is not a structure which nature can implement as 


part of its process of incremental biological evolu- 


tion. The irony of the situation, however, is that this 
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‘unnatural’ development has been developed using 
the cognitive ability of massively connected and 
trained neural networks in the human brain. It can 
therefore be considered as an ‘outgrowth’ of neural 
networks! 


New Lamps for Old 


The science of neural networks has a very basic 
message for a large section of the science com- 
munity. For the biologist, it provides a formal 
framework for classifying and understanding 
neural activity and conditioning in living systems. 
For the computer scientist, it reveals problem 
solving techniques for complex data analysis, 
such as pattern recognition, which are more effec- 
tive than the previous number crunching processes 
developed with digital computers. 


Limits of Understanding and 
Acceptance of Neural Networks 


If the understanding of the science of neural net- 
works had matured prior to the full development 
of digital computers, then some of the problems 
experienced in finding what is the ‘success’ of 
neural networks could have been avoided. The so- 
called ‘expert system’, written according to well- 
defined rules and procedures, and programmed in 


a conventional way, is considered in various 


quarters ‘acceptable’. Results equally as good, if 
not better, can be obtained using a neural 
network implementation, but this is identified in 
some areas as a ‘problem’, since answers are being 
produced which cannot be explained in terms of 
formal rule structures. 

The eye of you, the reader, scanning these char- 
acters on the printed page, is not concerned about 


hidden layer 


f(Z) (output value) 


Sigmoid function 


understanding ‘how’ the patterns of ink are scanned 
and recognised in the retina and brain. Where a 
pension fund manager is assessing an investment 
portfolio, which functions using the techniques 
of neural networks, the issue is very real and is a 
surprisingly acute factor when assessing the new 
technology. 


Basics of Artificial 


Neural Networks 


The generalised input/output function of the bio- 
logical neuron readily gives rise to the concept, in 
the artificial neural network, of the artificial neu- 
ron. Such a unit is shown in Figure 2, where there 
is a set of inputs to the neuron, some rule for 
weighting each input into the unit, and a function 
for determining the output state of the neuron. 

Of all the many types of artificial network 
which have been developed, the one which is pre- 
dominantly used is the back propagation network. 
At meetings where people describe their use of 
neural networks, invariably it is this type which is 
referenced. While other approaches have been 
reported which provide solutions faster or with 
better performance, back propagation remains as 
it were in ‘pole position’. 

Figure 3 shows a simple forward feed network 
where links from one layer communicate to the 
adjacent layer. It consists of an input layer of six 
units, a ‘hidden’ layer of four units and an output 
layer of three units. A neuron in the hidden layer 
will have six inputs — each with its own weighting 
factor — and communicate its output to two neurons 
in the output layer. 

The aim of training a neural network is to con- 
figure the weighting factors in the network so that 
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it processes sets of data presented to it in an “intel- 
ligent’ way. During the training process the differ- 
ence between the expected output and the observed 
output is minimised. In this process, however, there 
is no ‘explicit’ declaration of how the data is rep- 
resented by the array of weighting factors. The 
training process itself, using, for example, the back 
propagation method, adjusts the weighting values 
as part of a ‘turn the handle’ process. Weights are 
usually set to random values prior to training. 

In general terms, a neuron can be universally 
described according to the diagram of Figure 4. It 
is perhaps useful to show how the language of 
mathematics can describe things neatly. 

In relation to a neuron in level [S], position j, it 
receives inputs from a series of inputs Xj (i = 1, 2 
.. N) from the previous layer [S-1], with each input 
being multiplied with a weighting value Wj (i = 1, 
2 ... N). The neuron sums all these values to value 
|; according to the notation: 


S S] y [S71 
=x) Wir XP 


The weights are associated with the level [S] and 
the inputs from the previous layer [S-1]. 

This value of the function I is calculated by 
summing all the contributions from the various 
inputs modified by the weighting factors. The 
actual output of the element Xj, however, is modi- 
fied by a specific function f ( ), so that the output 
of the neural element is given by: 


[S] [S] 
x= £ (15) 
A range of functions can be used. A convenient one 


to use, however, is what is known as the sigmoid 
function, where: 


fz)= — 
1 $e 





{s]_ [s-1] 
x 


f: sigmoid, 
hyperbolic tangent, 
or sine. 





Above left: Figure 3. Diagram showing how 
processing elements are linked together in a 
forward feeding neural network. A neuron in a 
given layer is assumed to have specific weights 
and modify the output values from the previous 
layer, etc., etc. Problems of any complexity 
require a ‘hidden layer’, as shown. A network 
can have any number of layers but this need not 
necessarily improve its performance. 


Above right: Figure 4. This is the formalised 
notation represented in simple terms in Figure 2. 
The outputs from the previous layer [S-1] are 
inputs to element in layer S. The weights are 
associated with element j. The sum of the 
products of inputs and weights is modified by 

a transfer function. 


Left: Figure 5. Value of Sigmoid function for 
various input ranges. The function maintains 
output values between 0 and 1 whatever the value 
of the inputs. This is the most commonly used 
transfer function in back propagation networks. 
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Figure 6. Indication of how element j in row S is 
‘processed’ by back propagation where the 
weights of element j are altered by applying the 
delta rule after the error term from layer [S+1] is 
evaluated. 


Figure 5 shows how this function translates values. 
Initially the network can be created with random 
valued weights close to 0 so that it is in an untrained 
mode. 

A key concept of the function of such a network 
is its total error function. This can be considered to 
be given by: 

E = Xo) (Vie — dic)? 
where y is the actual output value and d is the 
desired output value. The term j relates to the out- 
puts of the network and c to the number of 
input/output pair of data presented to the network. 
Thus when a network is initially created, it will 
have a large error term which will be reduced with 
subsequent training. 

This error term is a function of every weight in 
the system. Using standard mathematical tech- 
niques, expressions can be obtained for estimating 
the error term looking backwards in the network. 
The local error associated with element at level [S] 
and all the local errors at level [S+1] is given by: 

ep = xp * (10—x)") * Ze (ek * whi") 
where the sigmoid function is used. Figure 6 shows 
element j in row [S] and the elements in row [S+1]. 
The reader need not be put off by such ‘exotic 
mathematics’. Those wishing to follow this up 
more readily should look at references | and 2 
given at the end of the article. 

It is appropriate, however, to change weight 
values appropriately so that the network is moved 
towards minimum error. It can be shown that in that 
the appropriate change in weight element ji is given 
by: 

5 Wii! = tcoef*e fl * x" 
where Icoef is a learning co-efficient (and 5 (Greek 
letter ‘delta’) = ‘rate of change’). 

This, therefore, gives guidance on how best to 
change the weight value to achieve a more ‘fit’ 
network. This form of training therefore moves 
weights in the correct direction from a knowledge 
of the error function. 

In summary, therefore, the process of back 
propagation can be presented: 

(a) Present the input data to the network and cal- 
culate all values of outputs of elements, forming the 
output of the network. (This uses simple arithmetic 
as the output values of elements are fed forward 
through the network one layer at a time.) 
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(b) For each processing element in the output 
layer calculate the scaled local error and calculate 
the 6 (delta) weight value. (This begins with the 
errors observed at the output layer, i.e. the differ- 
ences between expected and observed values.) 

(c) For each layer [S], starting at a layer below, 
the output layer and ending with the layer above 
the input layer and for each processing element in 
layer [S], calculate the scaled local error and then 
calculate the delta weight value. 

(d) Update all the weights in this way in the net- 
work by adding the delta weights to the corres- 
ponding previous weights. 

(e) Present input data and repeat process until 
the network ‘converges’ to a stable solution. A 
training set can be presented once and then the 
same training set presented numerous times. 

A network will typically converge towards a 
solution. One of the problems, however, is that a 
network will seek out a local minimum of error 
rather than a ‘global’ minimum. In Figure 7, for 
example, features (a) and (b) are global minima 
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Learning by Example: 
NETtalk 


The diversity of applications involving neural net- 
works is remarkable. One of the early applications 
of neural networks, NETtalk, was to give consid- 
erable insight into the possibilities of the techno- 
logy. The researchers, Sejnowski and Rosenberg 
(3), developed a network to vocalise speech. Their 
system interfaced to a DECtalk unit which 
vocalised speech after being provided details of 
stresses and component sounds (phonemes). The 
network would be trained on sets of words with a 
known vocalisation and then ‘new’ words would 
be presented to the network and compared against 
‘correct’ pronunciation. Figure 8 shows the detail 
of the network used. The bottom input layer con- 
sisted of seven sets of 29 units, the hidden layer had 
80 units and the output layer 26 units. Up to seven 
characters could be presented at the input layer. In 
all the system had 309 units and 18,629 weights. 
The network was trained typically on 1,000 


System state 





Figure 7. Example of a network with local minima (a) and (b) and a global minimum at (c). Most 
networks when trained will seek out the global minimum. The network will function best in state (c). 


while feature (c) is an obvious global minimum of 
the network. The network will function with higher 
performance when the global minimum is attained. 
One of the options which some packages provide 
is the introduction of a small random weight error 
to ‘bounce’ a network out of a local minimum. 

The concept of back propagation works rea- 
sonably well in practice, but it is not a mechanism 
which is considered applicable to ‘natural’ neural 
networks, for example in the human brain. The 
mechanisms involved in learning and memory 
have yet to be ‘discovered’. 

While it is possible to write programmes which 
can implement such neural networks, it is much 
more simple to use software packages configured 
for such systems. While simple networks can train 
in ‘modest’ times (several hours), relatively com- 
plex systems can require much more in the way of 
computing resources. Accelerator cards, such as 
the Balboa 860 SNAP Processor, can compute at 
over 1| billion, forward feed connections per sec- 
ond. This would be approximately 1 million times 
faster than a conventional PC. Thus, what the 860 
SNAP could undertake in one hour, a humble PC 
(if it could structure the problem) would complete 
in 1,141 years! 

Once a network is trained, however, it can pro- 
duce results relatively quickly. It is the requirement 
for extensive processing power during training 
which is the demanding feature. 


commonly used words. Figure 9 shows how the 
network achieved higher and higher scores for 
stresses and phonemes as additional training words 
were presented. Demonstration tapes of the output 
of NETtalk reveal that the network produced, ini- 
tially, a babbling sound, but then, with progressive 
training, word boundaries become recognised and 
the prose progressively becomes more under- 
standable. 

The key feature which the network is demon- 
strating is that it is able to classify words correctly 
by optimising the weight values. This, in general 
terms, is what training of networks achieves. The 
alternative approach to this process would be to 
devise a look-up facility for every word. It can be 
appreciated that the neural network approach is a 
more ‘universal’ one, and one that could be applied 
to a range of languages or dialects. 


Other Application Areas 


Neural networks are being used worldwide in many 
thousands of different applications. A considerable 
number of these relate to aspects of pattern recog- 
nition. A range of projects have been undertaken 
to evaluate the use of neural networks for the recog- 
nition of addresses of mail items. Significant inter- 
est has been shown in Japan, for example, for the 
scanning of Kanji characters. One application at 
Carnegie Mellon University has used neural net- 
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Figure 8. Outline of network used for NETtalk. An input layer of seven groups of 29 characterises the 
individual characters and an output layer of 26 units feeds directly to the DECtalk device to vocalise 


speech. The hidden layer allows sufficient complexity in the system to train with a high degree of success. 
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Figure 9. Indication of how the network performance improves with training set. 
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works to develop ALVINN (an autonomous land 
vehicle in a neural network). Video images and 
data from a range finder are processed by a neural 
network system to guide a test vehicle along road 
systems. Such an application requires a very great 
level of computing power to process images in 
realtime. An initial ‘road following’ speed of 1 
metre per second was achieved. It can be appreci- 
ated that there is potential here for ‘driverless’ 
vehicles, or perhaps some level of safety ‘mon- 
itoring’ of moving vehicles. 

Other applications can relate to more mundane 
and more commercially relevant fields of industrial 
automation. In an assembly line, neural networks 
have been used to detect components incorrectly 
assembled, e.g. tops on bottles missing or ‘skew’, 
and electronic components incorrectly inserted in 
a printed circuit board. 

One of the attractive features of neural networks 
is that in such a pattern recognition problem, exact 
rules of ‘pass/fail’ do not need to be exactly speci- 
fied. If, in the problem of the bottle tops, a series 
of 100 ‘good’ bottles and a set of 50 ‘bad’ bottles 
was used as part of an initial training set, then the 
network would be reasonably efficient at spotting 
‘bad’ bottles. The same application tool could 
be used on another production line by merely 
presenting a different set of ‘good’ and ‘bad’ 
examples. 

Much work has been undertaken in the use of 
neural networks in the processing of images of the 
human face. The WIZARD system can, for exam- 
ple, tell if a person is smiling or not. One applica- 
tion undertaken for BT was a neural network 
that could process a video image of the face and 
identify the eyes in order to present these in the 
centre of video phone monitor. 

The financial market-place is known to make 
use of neural networks in a range of applications. 
One of these is loan ‘scoring’, where the risk of 
default is assessed, based on indications of a set of 
‘good’ and ‘bad’ clients. One application developed 
by an American bank monitored the pattern of 
credit card use in order to detect card fraud. The 
basic concept used was that in authorised use a 
specific client’s card has an ‘individual’ pattern of 
use. When the card is stolen and is used in an unau- 
thorised way then the pattern of use changes. Trial 
use of the system in an ‘off-line’ mode has shown 
a high success rate of detecting card fraud. It would 
be very expensive, however, to implement such an 
‘on-line’ system of credit card fraud detection. 

Neural networks have been used with varying 
degrees of success in the financial markets. Where 
the market is ‘stable’ and predictions are made 
based against a background of such stability then 
relatively useful performance can be achieved. 
Where market conditions change then the rules 
which the previous data set obeyed have a reduced 
relevance and the performance of the network falls 
dramatically. When used in trading in gilts or cur- 
rency markets, such networks require therefore to 
be trained on data which reflect relevant market 
conditions. There are tales of large amounts of 
money being made from relatively modest invest- 
ments in neural network expertise. Such tales are 
usually second or third hand however, because it is 
highly unlikely that the institutions profiting from 
such technology are going to reveal the secrets of 
their success to their competitors. 

One team at the Department of Computer 
Science at UCL, London, have developed a cur- 
rency exchange rate prediction system using back 
propagation networks for such an aspect of time 
series prediction. Based on predictions of exchange 
rate of the $:DM, a profit element of 25% is 
claimed. This compares with a typical profit 
margin of 5% of a ‘good’ dealer. Do you want a 
copy of the program? 
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A significant number of neural network appli- 
cations relate to the military sphere of activity. At 
the height of the cold war, for example, there was 
a significant input into developing neural networks 
in diverse fields such as sonar image signal pro- 
cessing and the identification of military vehicles 
by engine sound. It is reputed that neural networks 
do a very good job telling the difference between 
a whale and a Russian submarine. One applica- 
tion, which has recently been declassified, is the use 
of ground based multiple array mirror imaging sys- 
tems which compensate for the distortion of the air. 
There are likely, however, to be a great many which 
the general public will never know about. . . . 

A range of applications have been developed in 
the field of medicine. Neural networks are good at 
being trained on ‘normal’ data and ‘abnormal’ data 
and classifying data accordingly. Techniques of 
assessing ECG signals (from the heart) and EEG 
signals (from the brain) are fairly well developed. 
A system has also been developed to monitor inten- 
sive care data where after a system is presented with 
‘normal’ data relating to a stable period of patient 
condition, it can recognise changes which may indi- 
cate deterioration in the patient condition. A sys- 
tem has also been developed for classification of 
skin pathology based on histological specimens. 

Neural networks have been found particularly 
useful in the traditional area of expert system. 
Where a system is being classified on a rule based 
_ system after the fashion of a formal expert system 
this can be time consuming to configure. It has 
been found that neural networks can readily be 
used to ‘classify’ a problem into a neural network 
topology and a training set of data which when 
trained will function every bit as good if not better 
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than the laboriously structured expert system. What 
might take three months to structure as an expert 
system has been successfully implemented using 
neural networks in significantly shorter time 
periods. 


Hardware Representations 


It is possible to illustrate principles of neural net- 
work technology using electronic circuitry. Figure 
10 shows how a simple dual operational amplifier 
can be used as a neural network unit. The figure 
shows the unit without any weighting elements 
(resistors) connected. The values of R1, R2 and R3 
would be equal. For positive input voltages, the out- 
put voltage would also be positive. 

Figure 11 shows how 16 inputs feed into four 


such building block elements with their corres- 


ponding elements feeding forward to a single pro- 
cessing element with one output. The weights are 
shown as dotted lines and would in practice be 
implemented as resistors. In such an example large 
resistors would act to reduce the influence of inputs 
and smaller values increase the influence of inputs. 
In all the network has 16 inputs, 1 output and a total 
of 32 weights. 

In order for the network to do useful work, 
however, it would have to be trained on a data set 
using computer techniques and then the required 
values set in the circuit. The circuit is, however, 
functioning exactly as a neural network would be 
expected to perform. The values of the resistors, 
however, would have to be set within bounded 
limits so as not to saturate the amplifiers. 

It is much easier, however, to simulate such a 
network using a computer model — a simple pro- 
gramming! 
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Above left: NT5000 neural processing unit, 
Neural Technologies Ltd. 

Above right: On-screen shot of NT5000 data 
capture. 

Figure 10. Example of how a dual operational 
amplifier can act as the ‘core’ of a neural 
processing element. Resistors would be attached 
to the inputs to allow the unit to function. 


Conclusion 


In trying to obtain an understanding of ‘universal’ 
computing techniques, to study conventional digi- 
tal computers to the exclusion of neural networks 
would be a serious omission. There must be a bal- 
anced approach — using each flavour of computing 
where relevant and appropriate. At present, the bulk 
of routine applications relate to conventional 
digital usage. Some systems are being developed 
where a neural networks sub-system is incorpor- 
ated into a conventional computing application. 

There are obvious benefits for a range of indus- 
tries to introduce such techniques and significant 
interest has been expressed in using such systems 
as ‘safety supervisors’ monitoring a large set of 
data streams such as in a power station or aircraft. 
It is also generally felt that industries can function 
with greater efficiency with regard to, for example, 
use of energy or reduction of ‘scrap’ output. Various 
companies have been able to reduce costs by crit- 
ical factors using neural networks and so help main- 
tain a competitive edge in demanding market-place 
conditions. 


Casey Klimasauskas. Founder of 
NeuralWare Inc. 
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Left: Figure 11. Illustration of how the simple 
building block of Figure 10 can be incorporated 
into a functional neural system with 16 inputs, 32 
weights and a single output. 
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DESCRIPTION OF KIT 
L200 Data File 

TDA7052 1W Amplifier 
Live Wire Detector 

1/300 Timer 

Courtesy Light Extender 
Car Battery Monitor 
Stroboscope Kit 
MOSFET Amplifier 
Lights On Reminder 
IBM Expansion System 
UA3730 Code Lock 
Remote Power Switch 
LM386 Amplifier 
TDA2822 Stereo Amplifier 
$L6270 AGC Mic Amplifier 
\/R Proximity Detector 
Mini Metal Detector 
LM383 8W Amplifier 
ENTRY Universal Mono Preamp 
ENtay Beginners AM Radio 
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ORDERAS PRICE 


LP69A 
LP16S 
LK63T 
LP30H 
LP66W 
LK42V 
VE52G 
LPO6L 
LP77J 
LP12N 
LP92A 
LPOVH 
LM76H 
LP03D 
LP98G 
LTOOA 
LM350 
LW36P 
VE21X 
LP28F 


£4.75 
£ 4.9 
f 4.75 
f 4.95 
£ 2.9 
£ 9.25 
£14.95 
£20.95 
f 4.75 
£21.95 
£11.45 
£ 5.25 
f 4.60 
E 7.9 
£ 8.75 
£10.95 
f 7.25 
£ 7.9 
£ 5.9 
£ 8.95 
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Magazine 
Magazine 
Magazine 
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Magazine 
Catalogue 
Magazine 
Magazine 
Magazine 
Magazine 
Magazine 
Magazine 
Magazine 
Magazine 
Magazine 
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(XA46A) 
(XA37S} 
(XA48C) 
(XA38R} 
(XA44X) 
(XA37S] 
(CA10L) 
(XA41U) 
(XA50E) 


43 (XA43W) 
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(XA56L) 


34 (XA34M) 


29 


(XA29G} 


34 (XA34M) 


(XAS1F) 
(XA54J) 
(XA48C) 
(CA10L) 
(CA10L) 
(XA42V) 


Over 150 other kits also available. All kits supplied with instructions. 

The descriptions are necessarily short. Please ensure you know exactly what 
the kit is and what it comprises before ordering, by checking the appropriate 
project book, magazine or catalogue mentioned in the list above. 
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PCB / Schematic CAD - From £98 


EASY-PC - For single sided and 
multilayer boards to 17"x17". 
Phenomenally fast and easy to use. 
Over 14,000 copies sold. 

EASY-PC Professional for boards up to 
32" x 32" at .001" resolution, 16 layers. 
Schematic capture and netlist extraction - 
integrates seamlessly with PULSAR and 
ANALYSER Ill. Ask for demo disc. 

































PULSAR and PULSAR Professional - 
Full featured digital logic simulators. 
Allow you to test your designs quickly 
and inexpensively without the need for 
sohisticated test equipment. 

PULSAR can detect the equivalent of a 

| picosecond glitch occurring once a week! 
|| Ask for demo disc. 




















































































































“& cite | ANALYSER Ill and ANALYSER III Pro. 
“™ Powerful linear circuit simulators have full 
graphical output, handle R’s,L’s,C’s, Bipo- 
lar Transistors, FET’s, Op-Amp’s, Tapped 
_.| Lfansformers and Transmission Lines etc. 
ow | Plots Input and Output Impedances, Gain, 
> Phase and Group Delay. Covers 0.001 Hz 
to >10GHz Ask for demo disc. 


For full info’ please phone, fax or write to: 
AWARD 


Number One Systems Ltd. I 1989 
REF: MAP, HARDING WAY, SOMERSHAM ROAD, 


ST. IVES, HUNTINGDON, CAMBS, England, PE17 4WR 
Telephone: 0480 461778 (7 lines) Fax: 0480 494042 
International: +44 480 461778 Credit Cards Welcome 
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Events Listings 


Now Open: The Mediterranean Air 
War. RAF Museum, Hendon, 
London. Tel: (081) 205 2266. 


Now Open: ‘Flight’ Aeronautics 
Gallery, and ‘The Secret Life of the 
Fax Machine’. Science Museum, 
London. Tel: (071) 938 8000. 


Till 31 July: ‘| used to be in 
Pictures’. An exhibition of auto- 
graphed memorabilia of Hollywood 
stars working between 1915 and 
1935. MOMI, South Bank, London. 
Tel: (071) 401 2636. 

Till 3 October. The Electric Guitar 
1930-1970. Design Museum, 
London SE1. 

8 July. Radio Spectrum Review 
Stage 3 Seminar. Lord’s Cricket 


imed at eveloping « a 
iS combustible gar- 


eee 
a ucers to try 


Be 8 beng 
old structure as 


Ground, London. Tel: (071) 215 
2157, 


25 July. ‘All Formats Computer 
Fair’. National Motorcycle 
Museum, Birmingham. Tel: (0608) 
66382. 


14 and 15 August. Vintage Model 
Rally. Old Warden, Bedfordshire. 
Tel: (0442) 66551. 


6 and 7 November. The 7th North 
Wales Radio and Electronics 
Show, Aberconwy Conference and 
Exhibition Centre, Llandudno. Tel: 
(0745) 591704. 

Please send details of events for 
inclusion in ‘Diary Dates’ to: The 
Editor, ‘Electronics — The Maplin 
Magazine’, P.O. Box 3, Rayleigh, 
Essex SS6 8LR. 
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nfra-red controlled 


Uses simple-to-install solenoid- 
controlled door catch mechanism 


ensor can be installed away from 
the receiver for flexibility 


ses same controller as 
Ompuguard car alarm 


utput for switching external loads _ 
djustable ‘on’ time for external output 


-No more keys to worry about 
when your arms are loaded! 


Open your door while you 
arm your compuguard! 


< Security systems 





ave you ever been in the following 
situation? Your hands are full of 
shopping, it’s dark and the porch 
light is off. The kids are playing you up 
and, during the struggle to get the key into 
the door, you drop the weekly groceries, 
breaking the eggs and glass jars. If this - 
wasn't bad enough, milk from the split _ 
containers causes the labels to peel off 
from the tins, and ruins anyt ing else that | 
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Figure 3. Infra-red receiver block diagram. 
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and Tl1, for 3 seconds (determined by the 


time constant of R6 and C15) — enough time 
to open the door. The other half of IC3 has 
a variable timed output (determined by R7, 
RV1 and C16) ranging from 1 to 2 minutes. 


TR2 and TR3 are used as a voltage level 
shifter, which would be useful to turn on a 


porch or hallway light — but not directly; the 


LP55K Mains Opto Switch Kit or a relay 
should be used as an ‘interface’ — more 
details on this later. 


Constructing the Infra- 
red Transmitter 


A fibreglass PCB has been chosen for 
maximum reliability and stability. To allow 
the PCB to fit into the key-ring remote 
case, no IC sockets have been used, 
- $0 please double-check the orientation 
of the ICs before fitting, as removal after 
incorrect insertion will almost certainly 
damage both the PCB and the chip! | 
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cut in the top end of the box for LD2, as 
shown. This is best achieved by carefully 
filing each half of the box with a round file, 
making frequent checks by placing the 
PCB inside the box to ensure that a 
correctly sized cut-out is achieved. 

With reference to Figure 11, cut the 
flexible membrane into two pieces, 75mm 
and 10:5mm long. Remove the paper 
backing and stick them into the upper 
(small) and lower (large) recesses 


— respectively. 


Double-check your PCB to make sure 
there are no dry joints or short circuits, 
and assemble the box around the PCB, 
inserting the battery (not supplied in the 
kit) taking care of its polarity (marked on 
the bottom of the battery compartment). 
The whole assembly is screwed together, 
with the single screw provided. 

The only thing left to do now is to 
depress the larger membrane, upon which 





Figure 6. Three ways of fitting transmitter 
links LK1 — LK8. 











~ For further information on component the red LED, LD1, should flash very quickly. 


_ identification and soldering techniques, 
please refer to the Constructors’ Guide» 
1cluded with the kit. 

_ Figure 5 shows the PCB, “ pited 
_ legend, to help you correctly locate each 
__ item. The sequence in which the com- 
ponents are fitted is not critical; however, 
_ the Blows instructions will be of use in 
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The Receiver Module 


There are at least two ways of installing 
the receiver, one of which is looked at in 
detail here. For flexibility, the IR sensor 
can be mounted on or off-board; as a 
result, the sensor can be mounted remotely 
if required. The wiring diagram in Figure 12 
is common to all configurations, however. 
The Receiver PCB could be housed 
within a double pattress fitted into (or onto) 
a wall, and the IR receiver diode (IR1) 
located remotely — in a window, perhaps. 
Depending on your requirements, a 
surface-mounting or a flush-mounting 
pattress could be used — each has its 
advantages. A double pattress provides 
sufficient room for the receiver module and 
the power supply transformer. If the Mains 
Opto Switch is to be used to switch a porch 
light, for example, this could be mounted, 
together with the mains transformer, in 
| the double pattress — the receiver module 
| could then be mounted in a single pattress. . 
File lower recess a This has the safety advantage of keeping 
out to 8x9mm | the ehh ote mains Jnaee isolated 
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Blue Solder and then apply 
Epoxy Resin over exposed 


connections 














important — and insulate with heat shrink 
sleeving; the screen of the cable is trimmed 





EXAMPLE short. After passing the power supply’s 
High output lead through the pattress hole, solder 
Float each wire to one of the two —' (AC) 
ane ; terminals — polarity is not important here. 
High The final connection is the one from the 
Low door solenoid. Pass the lead through the 
Float cable inlet hole, and solder each wire to one 
nigh of the ‘D/S’ pins. Again, polarity is not critical. 
Install the pattress in the previously- 
= (i) pes prepared position, and fit the IR diode so 
_ | that it faces out of the appropriate window; 
(HE) Ac] (me) (i) [Az] eS oe. fit a ‘spy hole’, and mount the 


O-@ @ag@s 


Drill a 7mm hole in the pattress 
blanking plate, which will accept the toggle 


wm) 8] i) [as] Os switch. Before you drill the hole, it must be 
| Ss eacli noted that the switch must be located in a 
‘ae eS position such that it does not foul the PCB. 


Wire the switch (mounted on the blank 
pattress) to the ‘INHIB’, ‘OV’ (centre/ 
common) and ‘L/DIS’ pins of the module. 


Testing the System 


Fit the pattress blanking plate, and set the 
toggle switch to the centre position. Apply 
Solder bridge power to the system. Step outside with the 
IR transmitter (and your door keys, just in 
case it doesn’t work first time!). Pointthe 
— | transmitter at the receiver diode, and press 
Figure 15. Three ways of fitting receiver links LK1 — LK8. the button — the door lock should release for 





Note that a surface-mounted pattress is 

used for ease of construction; if a metal Single white plastic surface 
flush- -mounted type is used, then the Fit PCB into box using mounting pattress (29mm) 
board needs to be mounted on ‘spacers a sachet of Double Bubble 

to avoid the possibility of ort-circui 
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All dimensions in mm 
Viewed from inside of box 
Hole Data 3 x @3mm 
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In the heyday of British CB, at the 
beginning of the 1980s, everybody 
was talking about it. When it was 
legalised, phenomenal numbers of 
transceivers were sold, and the 
bands became overcrowded. Now, a 
little over 10 years later, very little is 
heard about CB via the mass media. 
What has happened to it? 

The answer is that CB is still 
widely used. There are still a large 
number of die-hard enthusiasts 
who use the bands, and a growing 
number of casual users — people 
using hand-held transceivers (‘walkie- 
talkies’) for talking to their friends 
down the road, people in cars 
wanting to keep in touch with each 
other, fishermen on a riverbank 
chatting about the size of ‘the one 
that got away’, or schoolchildren 
doing their homework together. 
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How it Started 


CB started in the States in the early 
Fifties. It grew out of the idea that any 
citizen should be able to use the radio 
spectrum. Unlike the long established 
amateur radio licences, no examinations 
or tests were required. Because of this, 
several restrictions were imposed. All 
equipment had to be approved, and the 
RF output power from the transmitter 
itself was limited to just 5W. Twenty- 
three AM channels were originally 
allocated in the 27MHz region. 

The idea was very successful, and 
soon the bands were full. A wide variety 
of people used CB, but the most notable 
were probably the truck-drivers 
(‘truckers’), who used it on long journeys. 
The CB set soon became a companion in 
the cab, enabling them to talk to other 
truckers about anything and everything 
— even obtaining traffic reports from 
further along the highway. This became 
particularly important when, after the 
1978 oil crisis, the US Government 
imposed a blanket 55mph speed limit — 
truckers were used to travelling 
considerably faster than this to get their 
jobs done quicker, and so CB found a 
prominent role in warning drivers about 
impending police speed traps. 

As CB became more popular, it 
became apparent that 23 channels were 
not enough to cope with the increased 
number of operators and so, in 1978, the 
number of channels was increased to 40 
by the FCC (Federal Communications 


Left: A German (DNT) rig that operates 
on the original (CB 27/81) UK 27MHz FM 
frequency allocation. 

Above: The Jesan CB-950 hand-held CB 


transceiver. Despite the unit’s small size, 
it provides all of the features (and power 


output) expected from mobile and 
homebase rigs. 

Right: Another (DNT) rig; this one works 
on the CEPT frequencies. 

Below: A Realistic (Tandy) CB trans- 
ceiver in use ‘on the road’. Commercial 
vehicles notably accepted, mobile CB 
radio is becoming popular again - 
having shaken off the ‘boy racer’ image. 
Traffic congestion is the primary factor 
behind the ‘CB renaissance’. 
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Commission). Mobile users apart, a 
growing number of ‘home-base’ sets were 
being installed in people’s homes — CB 
was now proving to be a godsend to the 
handicapped and lonely, amongst others. 

A colourful set of jargon was built up 
alongside this spectacular growth in the 
use of CB. The ‘10’ code is probably the 
best known, but in addition to this a 
great variety of other expressions were 
also used. These became embedded in 
late-1970s popular culture, in the UK 
and around the world, as a result of 
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Right: The compact Maxon RD-3 rig, 
which is ideal for temporary installations. 
Note the car cigarette lighter plug. 
Below: Home-base CB operation is also 
popular. 


films like ‘Convoy’, ‘Citizens’ Band’ and 
‘Smokey and the Bandit’, and of course 
the TV series “The Dukes of Hazzard’ 
(the latter is, out of interest, being 
repeated on satellite channel Sky One 
at the time of writing’). 

With CB firmly established in the 
USA, the idea soon spread around the 
globe. To give a measure of its success, 
most of the Eastern European countries 
in the old Communist Bloc had intro- 
duced it by the end of the 1970s. How- 
ever, even at this time there was no legal 
allocation in the UK. 

Not surprisingly, American CB 
transceivers (‘rigs’) started to find their 
way into Britain. In the late 1970s and 
early 1980s, the amount of illegal CB 
activity rose dramatically. As the import- 
ed rigs used the same frequencies that 
were allocated to radio control systems, 
model makers were forced to stop using 
this band, and were allocated another 
band slightly higher in frequency. Those 
early UK ‘breakers’ had to concentrate 
as much on the likelihood of being ‘busted’ 
by the authorities, as they did speaking 
to their fellow enthusiasts. At the time, 
the authorities were known collectively 
as ‘Buzby’;; the Post Office held the 
responsibility of dealing with invaders 
on the electromagnetic spectrum! Illegal 
CBrers, when caught, had their equip- 
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ment confiscated and were duly 
summonsed to appear in court. 

The British CB system was finally 
legalised in November 1981. However, 
unlike the USA and many other countries 
where SSB and AM were allowed, only 
F'M could be used. The reason was that 
this mode was less likely to cause 
interference to other legitimate users, 
audio equipment and television sets. 
Power was also kept quite low, 4W being 
the maximum. Restrictions on aerial 
design were also placed. On the positive 
side, two bands were allocated; the first 
was in the popular 27MHz portion of the 
spectrum, whilst the second was at 
934MHz. 





Today 
When CB was first introduced legally 


- into the UK, activity ‘over the air’ was 


very high and the forty 27MHz channels 
were jam-packed. The media reported 
extensively on the CB craze, and the 
influence of CB could be seen in many 
British television programmes of the 
period. Many shops opened for business 
to cater for the enormous demand for 
sets and equipment. Today, the initial 
surge of activity has long since died 

out, and the number of CB shops has 
dwindled. Despite what this may 
indicate, there is still a very healthy 
and steady interest. Many of the people 
on the band are true CB enthusiasts — 
people who have remained loyal to the 
cause since it was legalised (and in some 
cases, before), enduring the music- 
players, wallies and ‘mike-keyers’ 

(the latter are somewhat brain-dead 
individuals who press their push-to-talk 
buttons without saying anything, to 
purposefully block others from engaging 
in conversation on a channel!). Others 
are casual users who may want to have 
a convenient way of communicating 
over short distances. CB, however, is 
starting to become more popular again — 
particularly for mobile applications. 
With ever-increasing traffic congestion, 
people are once again relying on CB to 
help them avoid trouble spots. Despite 
the constant criticisms levelled at CB’ers 
by self-righteous radio amateurs, many 
of the ‘serious’ enthusiasts went on to 
become hams themselves, having ‘cut 
their teeth’ on CB. 

Wallies have, thankfully, reduced in 
number since activity reached a peak. 
Misuse has not, however, disappeared. 
The Government’s Radio Investigation 
Service has (at last) acknowledged that 
irresponsible users do exist with the 
introduction of C-BOS — the CB 
Observation Service. Responsible 
breakers are encouraged to note down 
the time, date, physical area and 
channel over which the abuse occurred, 
and to then pass this information on to 
the C-BOS co-ordinator so that patterns 
of CB misuse can be detected, and the 
appropriate action taken. 


Operation 


Operation on CB is fairly informal. 
Apart from giving yourself a ‘handle’ 
(an individual and original call-sign, for 
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example ‘Red Arrow’, ‘Charlie Chaplin’, 
‘The Phantom’, ‘Live Wire’, ‘Champers’, 
‘Skyman’), there is comparatively little 
jargon used now (the short-term appeal 
of those ‘Americanisms’ (meaningless 
jargon, mid-Atlantic accents, etc.) has, 
thankfully, long since worn off), and 

it does not take long to get used to the 
way in which contacts are made. In fact, 
there is very little in the way of procedure. 
It is most important, however, to let 

the other person know when you are 
handing transmission over. If this is not 
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UK CB transceivers. 
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Block diagram of the Jesan CB-950. This circuit topology is common to most, if not all, 


(7 #1. 
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done, then it is very easy for the contact 
to become confused, with both stations 
transmitting at the same time! 

In addition to this, it is worth noting 
that some channels are allocated for 
special purposes. The famous Channel 
14 is kept as a calling channel — stations 
use it for the purpose of making initial 
calls to the desired breaker, using their 
handle (alternatively, ‘1-4 for a copy 
is the well-known invitation to make 
contact with anyone who may be monit- 
oring). Having made contact, the two 





breakers can move to a vacant channel. 
Using Channel 14, stations who are 
monitoring the band for calls only have 
to listen to one channel. There is also 
another channel designated as a calling 
channel — Channel 19. Reserved for 
mobile users, it has displaced Channel 
14 in some areas — to the chagrin of 
British truckers! 

Finally, Channel 9 is used as an 
emergency channel, and this should 
be kept free unless it is really needed. 
Voluntary organisations, such as REACT, 
monitor this channel for emergency 
calls. There are irresponsible individuals 
who will insist in using this channel as 
they would the rest — but perhaps they 
don't realise that, at some time, their 
lives could depend upon it! 


Licences 


To operate a CB rig legally, it is 
necessary to have a licence. Unlike an 
amateur radio licence, though, no exams 
have to be passed — after all, it is not 
called Citizen’s Band for nothing! Many 
CBrers, however, believe that a licence 

is no longer required! This perhaps 
explains why, out of 200,000 or so CB 
users, only around 70,000 are licenced. 
Unlicensed CB’ers should be aware that, 
if caught, they are likely to receive a fine 
— and that CB licence fees are used to 
help fund the Radio Investigation 
Service (RIS) — the body that deals with 
interference to protected services, radio 
spectrum misusers, pirate stations and 
the like. The licences used to be available 
from main Post Offices — recently, how- 
ever, this changed. It is now necessary 
to obtain an application form from the 
Radiocommunications Agency (RA), 
which is part of the DTI. This can be 
done very simply by calling them on 
(071) 215 2217. This is a direct line that 
gets through to the correct office straight 
away. Alternatively to write to them at: 
Radiocommunications Agency, Room 
712, Waterloo Bridge House, Waterloo 
Road, London, SE1 8UA. 

Once the application form has been 
received, it should be completed and 
sent with the fee of £15 (correct at the 
time of writing) to: The Radio Licensing 
Centre, Subscription Services Ltd., 

P.O. Box 884, Bristol, BS99 5LF. The 
telephone number for enquiries is (0272) 
258333. However, they do say that 21 
days should be allowed for the licence 

to arrive. 

Once the licence has been received, 
and the equipment is available, there 
are very few real restrictions. The main 
one is that only approved equipment 
can be used — this can be identified by 
its type-approval marks. In addition to 
this, aerials (‘twigs’) must conform to 
the license requirements, not exceeding 
1-65m in length or 55mm in diameter 
on the 27MHz band. Finally, no ‘burners’ 
(additional amplifiers that boost the 
RF power) are permitted, as they will 
increase the power beyond the legal 
limit. Increase your power and, law- 
breaking aside, you're more likely to 
cause interference to fellow breakers 
and your neighbour’s television set. 

In addition, ‘tweaking’, which became 
popular during the mid-1980s, is not 
such a good idea — the technical 
ignorance of some self-styled ‘CB 
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engineers’ led them to believe that 
turning up the mic gain would help 
them ‘get out better’ (in reality, it caused 
over-deviation, and consequently any 
breakers located in the user’s vicinity 
would suffer from adjacent channel 
interference, or ‘bleedover’). Fiddling 
around with the pot cores in the 
transmitter section’s final RF stage 
whilst monitoring the output level on 
the rig’s signal strength/output power 
meter often gave these people the 
impression that they were tweaking 

up their output power — in reality, they 
tended to tune the output filters so 
sharply that any slight improvement on 
the tweaked channel was offset against 
considerably reduced performance on 
the rest! 


Bands and 


Frequencies 


The forty 10kHz-wide FM channels on 
the original UK 27MHz band were differ- 
ent to those used elsewhere, the centre 
frequencies varying from 27-60125MHz 
(channel 1) to 27-99125MHz (channel 
40). Accordingly, equipment had to be 
specially designed for the UK market; 
this can be identified by the characters 
‘CB 27/81’ embossed on the front panel 
of the transceiver — this denotes that the 
design was type-approved, having been 
proved to conform to the required 
specification. Out of interest, it was once 
proved to the co-author (to his disbelief) 
that a somewhat battered CB transceiver 
was more ‘on spec’ than a new (and 
considerably more expensive) 2m FM 
amateur radio set! 

With the growing moves to integrate 
the UK with the rest of the EC a second, 
similar (26-965 to 27-405MHz, again 
with a channel bandwidth of 10kHz), set 
of 40 channels has been introduced over 
the last few years. These frequencies are 
the same as those used across the rest 
of Europe and the USA. FM, though, 
remains the only mode to be used. 

The new ‘CEPT’ frequencies are 
available in addition to the old ones. 
New transceivers, for some reason or 
other, can use either set of frequencies, 
but not both. We are sure, however, 
that people have modified the frequency 
synthesisers of existing sets, so that the 
new channels are available at the ‘flick 
of a switch’. This practice was rife in the 
1980s, so that users of high-performance 
imported (but illegal!) rigs like the 
Cobra 148 could operate on all of the CB 
27/81 channels! Interestingly, such sets 
need no modification to work on the 
CEPT channels. 

In addition to the standard 27MHz 
channels, there are CB frequencies in 
a band at 934MHz. Equipment for this 
band (which can be identified by the 
‘CB 934/81’ type-approval markings on 
the set’s front panel) is more expensive 
(in 1981, a 9834MHz mobile set up cost 
£350 as opposed to around £100 for a 
27MHz one) and as a result it is less 
widely used — this is not helped by the 
fact that the present Government has, 
for some reason, stopped the import 
and manufacture of 934MHz rigs. This 
is highly irritating bearing in mind 
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that, thanks to mass-market cellular 
telephones and satellite television, the 
cost of producing rigs that operate at 
these high frequencies could be much 
lower. The 20 allocated channels could 
therefore become much more popular if 
inexpensive equipment was to be made 
available; the 9834MHz equipment offers 
good performance, and the aerials are 
small and unobtrusive, due to the small 
wavelengths involved. Out of interest, 
small businesses are the major users 

of 934MHz — despite the terms in the 
licence that state that CB should not be 
used for business purposes! Other users 
include radio amateurs (934MHz rigs 
appear quite regularly at the ‘bring and 
buy’ stalls of radio rallies) and serious 
CB’ers who were fed up with the 
irresponsible breed of ‘10-1 turkeys’ that 
appeared to dominate 27MHz in its 
heyday. 


What Equipment 
do I Need? 


CB equipment, UK 27/81 at least, is still 
easy to obtain. Six or so years ago, you 
could buy these 27MHz rigs for peanuts 
— the co-author bought a well-made 
(West German) DNT rig for a fiver in 
1986 — this represented CB’s low-point; 
the slump following the boom. The CB 
airwaves became a lot quieter (the 
wallies moved onto playing video games, 
or whatever), and so the equipment had 
to go somewhere. Consequently the 
market was flooded, and this contributed 
to the demise of many a dealer. Since 
then, second-hand prices may have gone 
up somewhat, thanks to the increasing 
popularity of CB, but it’s still a lot 
cheaper than buying a new rig. Try your 
nearest flea market, Exchange and 
Mart, or classifieds in your local paper. 
But what if you do want to buy a new 
rig? We say, think again! Contrary to 





Feelings over the legalisation of CB ran high, as this photo demonstrates. 








just about any other consumer electronic 
item, a significant proportion of the rigs 
(CEPT sets notably excepted!) on sale 
now are exactly the same designs that 
were available 12 years ago! The same 
circuitry (even the same elderly 
frequency synthesiser IC), the same 
facilities Gmagine what they could do 
with a microprocessor or three!) — even 
the same very-dated early-Eighties 
styling! This apparent lack of inertia on 
the part of the manufacturers indicates 
one thing — they believe that the UK CB 
market is dying. Wrong! Nevertheless, if 
you're convinced you do need a new rig, 
you may find them difficult to find in the 
High Street, but Maplin sell a range of 
items. These include a base station, a 
mobile set for use in the car and a hand- 
held — alas, no CEPT rigs (is anybody in 
the UK actually using them?) In addition 
to this, the catalogue details various 
ancillary items such as the essential 
aerials (home-base and mobile), power 
supplies (required if you want to run 

a mobile rig from the mains), VSWR 
(voltage standing-wave ratio) bridges 
(used when setting up the impedance 

of the aerial system, so that all power is 
transferred to it), dummy loads, and so 
on. Anyone using CB will undoubtedly 
find these items useful. 

To demonstrate how CB can be used, 
two of the hand-held Jesan CB-950 rigs 
sold by Maplin were put into use. These 
sets are 40 channel transceivers conform- 
ing to the original CB 27/81 specification, 
and are capable of giving a full 4W out- 
put to the telescopic aerial. There is a 
simple push-button switch which can 
reduce the power to 0-4W for short-range 
operation. In a hand-held set, this is 
useful in helping conserve the batteries. 
This power-reduction facility is, in fact, 
required by law — under the terms of the 
licence you have to cut your power by 
10dB if your aerial is a certain height 
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UK CB Frequency Allocations 


27MHz Band MPT1320 
(CB 27/81) 

Channel Frequency 
1 27-601 25 
2 27-61125 
3 = 2717-62125 
4 — 27-63125 
5 27-64125 
6 - 21-65125 
i 27-661 25 
8 27-67125 
9 27-68125 

10 27-69125 
11 27-:70125 

1Z 21-11125 

13 27-72125 

14 21-13125 

15 21-4125 

16 27-75125 

17 21:°76125 

18 27-171 25 

19 . 27-78125 

20 27-79125 

21 27-80125 

22 27-81125 

23 27-821 25 

24 27-83125 

25 ; 27-841 25 

26 | 2185125 

27 2186125 

28 | 2787125 

ao 27-88125 

30 : 27-89125 

31 27-901 25 

Be 27-91125 

33 27-92125 

34 27-93125 © 

35 (27-94125 

36 27-951 25 

37 = 96125 

38 . —27-97125 

39 = = 21-98125 

40 27-99125 


above the ground. Whether anybody 
actually does is anybody’s guess! 

The receiver is a sensitive dual 
conversion design. Like most CB rigs, 
the first IF is at a frequency of 10-7MHz, 
while the second one is at 455kHz. By 
adopting this approach the high first IF 
enables good rejection of image signals 
to be achieved. The low second IF, 
meanwhile, enables good selectivity 
to be obtained with a ceramic filter. 

In fact the response is 60dB down at 

+1 0kHz. As a result, the receiver has a 
high level of immunity from interference 
from adjacent channels — known in CB 
slang as ‘bleedover’. In existing rigs, a 
popular remedy for ‘bleedover’ is to 
replace the ceramic filters with crystal 
ones that have a sharper response. 

The transceiver uses a frequency 
synthesizer in the local oscillator to give 
simple, yet accurate tuning. To further 
improve its receive performance under 
weak-signal conditions, there is an audio 
noise limiter. 


Operation 


The rigs are very simple to use. All that 
is needed is for the aerial to be fully 
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27MHz Band MPT 1333 
(PR 27/GB) CEPT 
Channel Frequency 
1 26-965 
2 26-975 
3 26-985 
4 27-005 
5 27-015 
6 27-025 
7 «27-035 
8 21-055 
9 27-065 
10 27-075 
11 27-085 
12 27-105 
13 27-115 
14 27-125 
15 27-135 
16 27-155 
17 27-165 
18 27-175 
19 27-185 
20 27-205 
2) 21-215 
22 21-220 
23 21-250 
24 27-235 
20 27-245 
26 27-265 
21 21-275 
28 27-285 
29 27.295 
30 27-305 
31 27-315 
32 21-320 
33 27-335 
34 27-345 
35 27-355 
36 27-365 
37 27-375 
38 27-385 
39 27-395 
| ~A0 27-405 


extended before the set can be turned on 
using the switch on the volume control. 
A squelch control is also provided so that 
the receiver audio can be turned off 
when no signal is present. This prevents 
large amounts of irritating noise coming 
out of the speaker during these periods. 

Tuning is accomplished using ‘up’ and 
‘down’ keys on the front of the set — this 
makes a change from the 40-position 
switch that has been a feature of most 
rigs since 1978! When the rig is turned 
on, it powers up on channel 9. Using the 
two keys the required channel can then 
be selected. Another key is provided that 
returns the set to channel 9 when pressed. 

The sets each run from eight type AA 
cells. If Ni-Cd cells are used then ten are 
required. This is because Ni-Cd cells 
only give 1-2V, compared with the 1-5V 
from the average zinc-chloride or alkaline 
cell. There are positions for ten cells, 
but when normal dry cells are used, two 
short-circuiting links (dummy batteries’) 
must be placed in two of the positions 
(these are provided). 

As previously mentioned, it is also 
possible to power the transceivers from 
an external 12V source; to facilitate 





934 MHz Band MPT1321 
(CB 934/81) 

Channel Frequency 
1 934-025 
2 934-075 
3 934-125 
4 934-175 
5 934-225 
6 934-275 
7 934-325 
8 934-375 
9 934-425 

10 934-475 

11 934-525 

12 934-575 

13 934-625 

14 934-675 

15 934-725 

16 934-775 

17 934-825 

18 934-875 

19 934-925 


20 934-975 





A well-stocked CB emporium - not all of 


them disappeared in the lean years 
following the boom. 


this, an adaptor lead is supplied so that 
a cigarette lighter socket can be used. 

The external power socket is located 
on the side of the unit, together with a 
headphone socket. There is also a 
connector for an external aerial, which 
could prove extremely useful if it is to be 
used in a car, as a proper mobile aerial 
would be very valuable. But this is 
where we encounter a problem — no 
external microphone socket. Having to 
lift the thing, complete with trailing 
leads, from the passenger seat whenever 
you want to talk to somebody (which 
you shouldn't do when your vehicle is 
moving, by the way!) gets to be a real 
pain — a smaller, lighter hand micro- 
phone (as used with conventional sets) 
would certainly improve matters if 
there was provision to fit one. But there 
isn’t, and so you can’t. Perhaps it’s yet 
another case of ‘horses for courses’ — if 
you anticipate using the rig in your car 
a lot, a proper fitted mobile rig is by far 
the best option. These same comments 
apply to home-base operation, although 
it will do the job at a pinch. A proper 


continued on page 42. 
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Many readers must be wondering, like 
Point Contact, when HDTV will eventually 
arrive — if indeed it ever does, this 
century. Also, when it does, whether it will 
be an analogue system after the style of 
MAC or whether it will be an all digital 
system. A majority of European industry 
ministers favour the former, but others 
including the UK feel that would saddle 
Europe with a passe inferior system. 

If we go the digital route, presumably 

a compression algorithm such as that 
proposed by MPEG (Motion Picture 
Experts Group) or the like will be used, 
together with a very bandwidth efficient 
modulation method, to pack all the data 
into a normal bandwidth TV channel. 
Recently, the BBC Engineering 
Department with Thomson-CSF 
successfully demonstrated such a system 
which requires only 8MHz of bandwidth, 
making it compatible with standard 
terrestrial TV channelling practice. Many 
progamme makers view the prospect of 
HDTV with some trepidation, since the 
increased definition will mean that they 
will no longer be able to get away with the 
crude scenery, props and wigs that now 
suffice with the current standards. It 
seems that less and less will be left to 
the imagination of the viewer. 

In the days of B&W TV, one had to 
imagine for oneself the rosy cheeks of 
the heroine, and in the days before 
television, the imagination had to work 
even harder. In the inter-war period this 
did not deter the BBC from tackling 
programmes which one would have 
thought cried out for an accompanying 
vision channel, something which did not 


“I SAIO-HE WAS 
THEN SQUASH: ED 
NOT SLOSHED! ( 


—_— 


[BBC RADIO Ff 
SOUND EFFECTS |" 
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“POY” Broadcasting a drawing lesson from a 
studio at Olympia. 





The chorus of “Radio Radiance”, one of the 
first revues. The chorus actually danced in the 
studio on a special platform, the sound of their 
feet being broadcast. In later revues the sound 
was imitated. 


materialise until 1936. My illustration this 
month is reproduced from the BBC Year 
Book for 1930, and shows a specially 
staged revue being broadcast. It does 
not say when the programme went out, 
but as the caption makes clear, the use 
of live dancers was subsequently 
discontinued — whether it offended Lord 
Reith’s sense of propriety or merely his - 
Scottish canniness (why pay for dancers 
no-one can see?) is not known. Evidently 








it was thought that the listeners’ 
imaginations were vivid enough to fill 

in the appropriate scene in the studio. 
Amongst the many other photographs 
included in the Year Book is one of a 
drawing lesson being broadcast from a 
studio at Olympia: it must have required 
some imagination on the part of the 
listeners to follow that! The Year Book 
contains a wealth of other fascinating 
information including dates of many 
broadcasting firsts; November 1924, 
first wireless relay of American station 
KDKA; May 1925, first broadcast from an 
aeroplane — Alan Cobham teaches Miss 
Heather Thatcher to fly; July 1926, first 
broadcast from under the Thames, by a 
diver, etc., etc. Readers of the Year Book 
were evidently expected to take a lively 
interest also in technical matters, not 
surprising in an age where if one could 
afford a wireless set at all, it would 
probably have to be home-built. More 
details in a later Stray Signals, perhaps. 

Electronic engineers have always 
been famous (infamous?) for a puckish 
sense of humour. This is illustrated by 
the time-honoured tradition of various 
electronics magazines of publishing a 
spoof article in the April issue, often a 
vaguely plausible description of a 
supposed new component or 
development, that gets more and more 
fantastic line by line. An old friend of 
Point Contact submitted such an article 
to the readers’ ideas section of one 
magazine, accompanied by a covering 
letter making it quite clear that the piece 
was suitable for the April issue. Clearly 
the staff dealing with that section of the 
magazine were not very technically 
minded, and evidently mislaid the 
covering letter. My friend received a call 
from them some time later, asking for the 
publisher and date of publication of a 
book mentioned in one of the references 
at the end of the piece, and was 
surprised to learn in the course of the 
conversation that they had scheduled 
it for the May issue! So he was able to 
point out gently that it was not suitable to 
publish, and the piece was duly returned 
to him. (It was published in the April 
issue of a magazine which was made 
well aware of its true nature, the following 
year.) So what was this advanced bit of 
electronic engineering wizardry? It was a 
simple CAD program written in BASIC, to 
automate the design of All-stop Filters! 

In addition to HDTV (perhaps) by the 
end of the decade, we are also promised 
a global hand-held telephone service, 
Inmarsat-P, by the same deadline. 
Inmarsat has already developed a 
brief-case version called Inmarsat-M. 
Commercialisation of the ventures 
awaits a decision on suitable satellite 
configurations to service them. The 
wrist-watch style universal communicator 
operating throughout the solar system 
and beyond is a little further off yet. 


Yours sincerely, 
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Infra-Red Door Lock Continued from p 19 


Once you have decided where the 
Mains Opto Switch is to go, complete the 
wiring as shown in Figure 20. The switch 
across the ‘N/LOAD’ and ‘N/MAINS’ 
terminals of the Mains Opto Switch is a 
bypass switch, so that the porch light may 
be switched on irrespective of the state of 
the door lock. Of course, all connections at 
| Existing mains potential must be treated with the 


ight appropriate care and attention. 
switch 


1 ligh 


a 


ener | 
rs 


As an alternative to the Mains Opto 
Switch, a relay may be used to switch an 
ex-ternal load. This option should be used. 


! 
! 
sel 





Relay contacts 





wired in parallel if the load to be switched exceeds 250W 
with light switch (a 500W halogen lamp, for example), but 
note that a relay with suitably-rated 
Figure 21. Using a relay to control a porch light or similar load. contacts Is used. 


WARNING: 7 
It is imperative that every possible precaution is taken to prevent electric shock. 240V AC mains 
CAN KILL. Any modifications to fixed premises wiring must be carried out in accordance with 
BS7671 Requirements for Electrical Installations — IEE Wiring Regulations 16th Editions. If in doubt 
as to the correct way to proceed, seek advice of a suitably qualified person before continuing. 


The Maplin ‘Get-You-Working’ Service is available for 
this project, see Constructors’ Guide or current 
Maplin Catalogue for details. 

The above items (excluding Optional) are available 
as a kit, which offers a saving over buying 
the parts separately. 

Order As LT32K (I/R Door Lock Kit) Price £24.95/4) 
Please Note: Where ‘package’ quantities are stated in the 
Parts List (e.g. packet, strip, reel, etc.), the exact quantity 
required to build the project will be supplied in the kit. 
The following new item (which is included in the kit) 
is also available separately, but is not shown in the 
1993 Maplin Catalogue. 

(I/R Door Lock PCB) Order As GH50E Price £2.45 
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VARIOUS 


DOZENS OF CIRCUITS IN THIS BOOK. “The 
World of Bugs & Mini Transmitters”, how to 
make all types of bugs. The only book of its 
type that is available in the U.K. I have a few 
copies, first come, first served. Price £7.95 inc. 
p&p. Cheques, P.O.’s to: E. Hennessey, 71 
Gainsford Road, Southampton, SO2 7AW. 


FERGUSON 3V43 HI-FI STEREO VHS VCR. 
A real classic top-end machine that’s easy to 
use — yet with all the features you're likely to 
ever need! Twin speed, Dolby Linear Stereo 
(in addition to Hi-Fi sound), insert editing and 
audio dubbing for the camcorder enthusiast. 
Also features professionally-fitted internal 
Maplin Nicam Decoder for stereo TV sound. 
Good condition, a bargain at £250. For details 
Tel: Martin, (0702) 603557 after 7pm. 


15W VALVE AMPLIFIERS with mains PSU, 
90CG PE cells, Debrie projector lamps, lenses 
and motors. Tel: Bill Jarvis, (031) 336 4502, 

6 Peggy’s Mill Road, Edinburgh, EH4 6JY., 


GIANT CLEAR-OUT! Long list of unused 
components including ICs, books, resistors, 
some in large quantities. All at bargain prices. 
Send S.A.E. for list to: M. J. Dean, Blenheim, 
Walton Lane Bosham, Chichester, West 
Sussex, PO18 8QF. 


934MHz EQUIPMENT FOR SALE. Superb 
UHF band for the more serious operator, the 
perfect half way stop between CB and Ham 

radio. Tel: Ian, (0992) 718105 for information. 


RADIO/TV/AMPLIFIER VALVES NEC. 
12BH7A, BCA4, 12AD7( x2), 6AO5( x 2), 
Mullard EBF80, PCF802, EL36, PCL86, ECH81, 
EZ40, DY87, Matsushita 6AU61BAUB( x 2). 
Send offers to: Mr. Hanson, 49 Windsor Road, 
Evesham, Worcestershire, WR11 4QF. 


SOUND LEVEL METER. CEL 254 digital 
impulse, hand-held, sound-survey meter, 
30 to 135dB range. LCD display, output for 
tape recorder, professional model. As new 
with manuals. £120 o.n.o. Tel: (0457) 874035. 


VELLEMAN PRO-MIXER, 4 tracks with 
monitor, effects and tone control circuits. 
Four Maplin 150W amplifiers with SSM2016 
preamps and active crossover, all in case and 
working, £400. Tel: Andy, (081) 969 3818 after 
6.30p.m. 


COMPUTERS 


AMSTRAD COMPUTER PC2086D, twin 
floppy disk drives, 12in. 0-28 dot pitch VGA 
colour monitor, MS-DOS 3:3 complete with 
original manual, very good condition, still in 
original boxes, £300 o.n.o. Tel: (0905) 640007 
(Worcester) anytime. 


BBC MODEL B CIRCUIT DIAGRAM - Send 
£2 to: C. Roberts, 210 Hern Road, Ramsey St. 
Mary’s, Huntingdon, Cambs., PE17 1TB. (Also 
write for a quote on any secondhand spare 
parts.) 


CUB MICROVITEC COLOUR MONITOR. 
Model 1431MS, £95. Tel: (0782) 632600. 


IBM XT COMPUTER - Green monitor, 
20MBHD, 5\in. drive. Software includes: 
WP50, Supercalc, Harvard graphics, Autocad, 
PC tools, PC paint, XT REE Pro etc., £260 o.n.o. 
+ carriage and insurance. Tel: (0452) 713752. 


TO ALL 6502 PROGRAMMERS. Write fast, 
efficient and compact M/C programs easily 
using my Assembly Generating Compiler. Its 
own expandable language implements loop 
structures, conditional tests, string handling, 
I/O, integer maths, etc. in 65XX machine 


August 1993 Maplin Magazine 





code. Original package runs on C64; IBM PC 
version also available to help program 6502 
microcontroller cards, etc. or other machines. 
Compiler and assembler source listings can 
be made available if required. Expandable 
routine library. C64 disk has lots of demos, 
PC disk has lots of extra utilities. Send largish, 
e.g., C5 S.A.E. for more details to: Level 3, 
Aurora, Church Road, Laindon, Basildon, 
Essex, SS15 SSL. 


MUSICAL 


POWERTRAN DPX SYNTHESISER, 
multi-voice, polythonic, touch sensitive, 
five octaves, kit cost £500, not working 
now. Tel: R. Nagle, (0702) 523453. 


WANTED 


OLD MAPLIN MAGAZINES WANTED for 
beginner. Any age. Tel: (0754) 86679 with your 
offers. 


ANY PHOTOCOPIES OF CIRCUIT 
DIAGRAMS of electronic music projects, 
particularly Maplin’s range of synth’s. Fair 
Price Paid. Write to: J. Walker, The Lingfield, 
Lingfield Drive, Leeds, LS17 7EL or Tel: (0532) 
697988. 


EPROM PROGRAMMER, PC type with 
software, but others considered. Z80, books, 
M/Code trainers, etc. Tel: Mel, (0533) 419742. 


RELAYS 5V DPDT, miniature fit 16-pin DIL 
socket, £1 each. Racal V21/23 modem auto 
answer/dial, Offers. Tel: Mel, (0533) 419742. 


ARCHIMEDES A3000 COMPUTER. 
Anything considered. Cash waiting. 
Tel: (0325) 465149). 


CLUB CORNER 


CRYSTAL PALACE & DISTRICT RADIO 
CLUB. Meets on the third Saturday of each 
month at All Saints Church Parish Rooms, 
Beulah Hill, London SE19. Details from Wilf 
Taylor, G3DSC. Tel: (081) 699 5732. 


ELECTRONIC ORGAN CONSTRUCTORS 
SOCIETY. For details of meetings. Tel: (081) 
902 3390 or write 87 Oakington Manor Drive, © 
Wembley, Middlesex, HA9 6LX. 


WIRRAL AND DISTRICT AMATEUR 
RADIO CLUB meets at the Irby Cricket 
Club, Irby, Wirral. Organises visits, D.F. 
Hunts, demonstrations and Junk Sales. For 
further details, contact Paul Robinson (GOJZP) 
or Tel: (051) 648 5892. 


TESUG (The European Satellite User Group) 
for all satellite TV enthusiasts! Totally 
independent, TESUG provides the most up- 
to-date news available (through its monthly 
‘Footprint’ newsletter, and a teletext service 
on the pan-European ‘Super Channel’). 

It also provides a wide variety of help and 
information for its members. For further 
information, contact: Eric W. Wiltsher, 
TESUG, Rio House, Stafford Close, Ashford, 
Kent, TN23 2TT, England. 


THE BRITISH AMATEUR ELECTRONICS 
CLUB (founded in 1966), for all interested in 
electronics. Four newsletters a year, help for 
members and more! UK subscription £8 a 
year (Junior members £4, overseas members 
£13.50). For further details send S.A.E. to: 
The Secretary, Mr. J.S. Hind, 7 Carlyle Road, 
West Bridgford, Nottingham NG2 7NS. 


MODEL RAILWAY ENTHUSIAST? How 
about joining ‘MERG’, the Model Electronic 
Railway Group. For more details contact: 
Mr. Eric Turmer, Treasurer MERG, 38 North 
Drive, Orpington, Kent, BR6 9PQ. 


BSB Receiver 
Conversions 


TRAC 










Also available for Ferguson, Decca, 
and Tatung BSB Receivers 












35 Fully programmable channels 
On Screen Graphics 

16.9 Format with Panning 
Live programme Information 
All audio channels accessible 
Digital quality stereo sound 


The new software is supplied on a plug 

in sub panel with two additional IC’s, _ full 
instructions, and and user manual. Ideal for 
reception from TDF1 and TVSAT using your existing 
BSB squarial / compact dish, or other clear D2MAC 
transmissions with the appropriate antenna 





£39.00 
Plus £3.50 P&P 


SSS SSS 










CONVERSION KIT...Comprises a_ fully 
> seus assembled and tested PAL/MAC sub 


“19 
Se RECEIVER 


assembly PCB, plug in software 


upgrade, assembley 
£49.00 


instructions and 
Plus £3.50 P&P 





new user manual. 


Features 


@ 60 Fully programmable channels with Remote Control ™ On Screen Graphics 
with Live Programme Information ™ Pre-set for most popular PAL, D2MAC and 
DMAC Transmissions im Selectable LNB Type m™ External 12 volt switch facility 


D2MAC 

m Superb digital quality sound m Preferred Language facility m Covers all D2 
and DMAC Audio channels m= Background / Foreground sound mix facility 

B® Switchable 16:9 with optional panning ™ Outputs in RGB, Video, Audio, UHF. 


PAL 
™ Fully Tunable Audio per channel ™ Videocrypt (Sky) decoder interface 
@ 14 /18 Volt LNB switching ™ Outputs in Video, Audio, and UHF 


On Screen Menus | 
A total of 15 different on screen menus make programming exceptionally eas 
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9 in 1 out mechanical AB switch............000- 


Electronic A/B Switch (D2PAL Rx Only)............ £19.95 
LF. Splitter : 2 receivers from 1 dish ........ 0 eee £13.50 
Squarial : Original quality Matsushita,...........0. £20.00 
Marconi 35cm Compact dish / DBS LNB.......... £39.00 
Marconi 60cm mesh. 7 FSS. LNB ss: ceo ia ee wt ans £59.00 





Lenson Heath 80cm mesh / FSS LNB.............. 
Decoder lead : DIN to SCART ...........0 eae 












Over 500 different items in stock 
Feed Horns, Polarisors, Polarotors, OMT's, Transitions 
Accessories, Amps, Splitters, Cable, Connectors, Fasteners, 
Antennas : Offset up to 1.00Mftr. Prime Focus up to 2.00 Mtr. 
LNB’s : Dual, Triple, FSS, DBS, Telecom, Voltage switching, Twin. 
Large and small Poalar heads, Ground and wall mounts 
Linear Actuators WJacks), H to H mounts, Positioners 
Receivers, Decoders 









‘SEE EOE EEE EER RES ESS SESS ESE EO 


se 7 REE 


Ordering is easy... 
Simply phone or fax the numbers below. We are happy to accept 
payment by Cheque, Visa & Access, and will accept Purchase 
Orders from Government Departments, Local Authorities, and 
Educational Establishments. 


REMEMBER : We stock all major brands of satellite equipment, and try wherever possible not to be undersold. 
So before you buy, give us a ring and see if we can match your best quote. 





Commerce way Skippers Lane 
Middlesbrough Cleveland TS6-6UR 
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FEATURES 


* Single PCB construction 
* Uses the popular 741 IC 


* Up to 16 op-amp configurations 
* All the basic op-amp functions plus 
sine and square wave generators 


APPLICATIONS 








PROJECT 
RATING 


‘Data Files’ are intended as ‘building blocks’ for 









constructors to experiment with and the components 
suggested, provide a good starting point for futher 


development. 


* Any AC or DC analogue processing * Audio applications 


* Control signal processing * Signal generation 


* Adding, summing, integration, etc. 


The venerable op-amp has a multitude of possibilities, 
and has seen service for one application or another 
for the past twenty years or so. Originally developed 
for what were called ‘analogue computers’, which 
have long since disappeared, the op-amp is essen- 





tially a ‘perfect amplifier block’. The summing 


or differentiation of various analogue signals is easily 
achieved through the use of simple resistor arrays, 


including control over gain or attenuation. 


he general-purpose 
building block project 
presented here allows 
for a number of such different 
configurations, and uses the 
industry standard 741 device 
which also has been in use 
since the 1970s. The accom- 
panying PCB is designed to 
incorporate all these possible 
variations, by simply fitting 
components or wire links 
where required for a particu- 
lar configuration. Figure 1 
shows the basic circuit dia- 
gram, from which all the 
options are derived. Not all of 
those components shown will 
share the PCB at the same 
time (it would be a very 
strange circuit indeed!), and 
for the same reason the values 
of many are not shown either, 
since these change depend- 
ing on the application. This 
will become clearer later on. 


Power Supply 


Figure 2 shows two basic un- 
regulated power supplies that 
can be used with the op-amp 
PCB. The capacitors shown 
are actually those mounted on 
the op-amp PCB, C12 to C15). 
The single rail version, Figure 
2a, is known as an ‘asymmet- 
rical supply’, and the split rail 
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OV 
OV 
OV 
OV 


NOTE: This circuit shows components 
for all options 
Figure 1. Circuit diagram of module showing all possible component variations. All components would 


not normally be used in the same circuit — see text. 


version (Figure 2b) is known C15 and D2 are omitted and of t+ 5V to +15V for symmetrical 


as a ‘symmetrical supply’. the —V line is linked directly to operation, and 10V to 30V for 
The PCB canbe fitted with | OV, and R6 is used to derive the single-ended operation. The 

diodes D1 and D2 in series half supply bias level for the maximum supply level(s) must 

with each of the supply rails op-amp itself. Otherwise the not exceed + 18V, or 36V in 

to prevent damage from op-amp’s DC bias is via R7 only 

accidental, reversed polarity and OV is at the centre of two 

connections. Where the asym- +V and —-V supply rails. The 

metrical supply is used, C14, supply should be in the range 


ASYMETRICAL SUPPLY 





Figure 2. Circuits for symmetrical and asymmetrical power supplies. Figure 4. Half-supply generator. 
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asymmetrical mode. 

The various configurations 
which can be achieved with 
this module are outlined as 
follows. 


Buffer, Symmetrical 
Supply 


A non-inverting buffer is 
shown in Figure 3, which is 
probably the simplest con- 
figuration. Its most typical 
application is to provide a low 
impedance output from some 
high impedance source. 


Half Supply 
Generator, 


Supply 
A variation of the buffer is the 
‘half supply generator’ shown 
in Figure 4, which is a very 
useful circuit for providing a 
ground reference for circuits 
requiring a symmetrical 
supply, but operating from 
an asymmetrical supply. ~ 
The voltage at the output 
of the op-amp is equal to the 
voltage at the non-inverting 
input (+), and it will only be as 
accurate as the resistor toler- 
ance. Capacitor C6 in parallel 
with R7 stabilises the voltage. 
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Non-Inverting DC 
Coupled Amplifier, 


Symmetrical Supply 


Adding two more resistors 

to the buffer circuit, as shown 
in Figure 5, will turn it into a 
voltage amplifier. The gain is 
determined by dividing the 
value of R10 by the value of 
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Figure 7. Inverting DC amplifier. 


RY, plus 1: 
— R10 
Ay= RQ 1 
Or: 
— 100k _ 
Ay = 10k 1=11 


Using the component values 
shown under the option for 
Figure 5 in Table 1, the circuit 
will have an AC and DC volt- 
age gain of 11 times. 





Non-Inverting AC 
Coupled Amplifier, 
Asymmetrical 


Supply 

A non-inverting amplifier 
operating from an asymmetri- 
cal supply is shown in Figure 
6. Resistors R6 and R7 are of 
equal value, and are used to 
bias the non-inverting input 
up to half of the supply volt- 
age, allowing the positive and 
negative halves of the signal 
an equal amplitude, peak 
voltage swing. The input 
impedance is determined by 


R6 R7 
in this case, 10kQ. Capacitors 
C4 and Cll are required to 
isolate the signal from the DC 
present at the input and out- 
put of the op-amp, since the 
supply is single-ended. 
Capacitor C10 is also 
required to decouple the DC 





at the inverting input of the 
op-amp from the OV rail for 
the same reason; as far as the 
Op-amp is concerned, OV is 
effectively the —V rail. Resistor 
R12 is required to ensure that 
the output side of capacitor 
C11 is at OV potential prior to 
anything being connected to 
it, thus avoiding nasty pops 
and thumps when a following 
stage is switched on-line. 
Using the component val- 
ues specified in Table 1, the 
circuit will have an AC voltage 
gain of 10 times (20dB). HF 
stability is provided by both 
C6 and C9, the values of 
which will have no detrimental 
effects at audio frequencies. 


Inverting DC 
Coupled Amplifier, 


Symmetrical Supply 
An inverting amplifier is shown 
in Figure 7, and here the gain 
is determined by dividing the 


R10=R1—3,5 .°. GAIN=—1 





Figure 9. Inverting summing amplifier. 
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Oy 
value of R10 by the value of voltage levels, but in fact stay Inverting summing Using the component 
R5. In practice the gain may the same. The configuration ‘ values in the table, the circuit 
not be exactly as calculated, can then be described as a Amplifier ) will have unity gain (times 1), 
and this is due to the imped- ‘virtual earth input’ amplifier, Symmetrical Supply and will be DC coupled. 
a of the previous stage since the ‘’ input stays at Taking the inverting amplifier Capacitors C1 to C5 and Cll 
eing added to the value of earth (OV) potential for all can be fitted for AC coupling. 


R5; if the impedance of the 
previous stage varies with 


practical purposes. The input 


further, several resistors can 
be added in parallel to R5 to 


fea tee Cheeni oh impedance, then, is exactly mix together several signals. Non-Inverting 
m ant earl mh as R5. In operational amplifier par- ‘ 
with frequency. Using the component val- lance, this is called ‘summing’. summing Amplifier J 
The important distinction ues in Table 1, the circuit will An inverting sumrurig ampli- Symmetr ical Supply 
to be made with this config- have a gain of 10 times. ee aoa scaeataed a The non-inverting mixer 
rye as a virtual earth mixer, ; g : 
pasos compare - the because the inverting input Figure 10, is not as effective 
ee ee enn, es Ra oie Inver ting AC (‘’) is almost at the same as the inverting type, but it 
lifiers, is that the non-invert- potential as the non-inverting can still be useful. The reason 
ing input of the op-amp is Coupled Amplifier, input (‘+’), can easily be made | for this is that the virtual earth 
directly connected to OV and K A from an inverting amplifier action has been lost by using 
the op-amp receives the symmetrical by simply adding extra input the ‘+’ input instead of the ‘~’ 
input signal as a current flow Supply resistors as shown in Figure 9. input. Attenuation at the input 
via R5, but which is balanced Roe eee ee eee By keeping all the resistors is minimised by using a high 
by an equal and opposite Gece Pply (R1-3, 5, 10) the same value, value for R7, which can be 


current in R10. This is a direct 
result of the op-amp altering 

its output voltage to compen- 
sate for its two inputs attemp- 


sion of the inverting amplifier 
is shown in Figure 8. Using 
the component values in 
Table 1, the circuit will also 


the gain will be —1. This type 
of circuit is commonly used 
for simple audio mixers, 
although the summed output 


omitted altogether if the inputs 
are DC coupled. 

Using the component 
values in Table 1, the circuit 


Fig.3 Fig.4 Fig.5 Fig.6 Fig.7 Fig.8 Fig.9 fFig.10 Fig.11 Fig.12 Fig.13 Fig.14 Fig. 15 Fig. 16 
D1 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 
D2 IN4001 —- 1N4001 - IN4001 - 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 1N4001 
Rl - - _ _ - — 100k 100k — ~ ~ — — — 
R2 _ _ — _ — - 100k 100k ~ _ _ ~ _ _ 
R3 _ _ ~ _ _ ~ 100k 100k _ _ _ ~ — _ 
R4 Link _ Link Link ~ ~ 100k 4k7 _ — — — - 
RS - - — 10k 10k 100k _ 4k7 IM al ~ Link _ 
R6 _ 4k7 _ 20k - 20k _ — ~ - _ — 
R7 100k 4k7 10k 20k Link 20k Link IM** = 4k7 1M 10k 1k6 4k7 4k7 
R8 ~ _ ~ _ - ~ - _ _ _ - 1k6 4k7 4k7 
RY _ _ 10k 10k _ ~ 10k LP — 
R10 - _ 100k 100k 100k 100k 100k 100k 4k7 4702 10k 390 ~ 4k7 
R11 Link Link Link Link Link Link Link Link Link Link Link Link Link Link 
R12 - _ - 100k — 100k ~ _ — - 
Rvl - - 10k* _ 10k* ~ 10k* 10k* 10k: 10k* | 10k* _ ~ - 
Cl ~ ~ _ _ — — 1OuF* lOuF* — ~ — _ _ — 
C2 ~ ~ ~ ~ _ - 10uF* 1lOuF* —- - - - - = 
C3 _ _ _ — _ _ 10uF* lOuF* -— ~ - ~ - 
C4 Link - Link 1OuF — — — 10uF* Link - — — - 
C5 — - _ ~ Link 10uF 10uF* — Link Link 100nF - Link ~ 
C6 12pF = 47 F 120pF S6pF - 47uF - ~ ~ ~ ~ 100nF - 
C7 - - _ - 120pF - — _ — — _ _ _ 100nF 
C8 - _ - _ - - _ - - 100nF = Link Link 
Cg Link Link 12pF 12pF 12pF 12pF 12pF l2pF - luF 210pF —- - _ 
C10 - - Link 47uF — — Link _ ~ Link _ ~ 
Cll Link Link Link 100uF Link 100uF Link Link Link Link Link Link Link Link 
C12 100uF 100uF 100uF 100uF 100uF 100uF 100uF 100uF 1l00uF 100uF 100uF 100uF 1l00uF 100uF 
C13 100nF 100nF 100nF 100nF 100nF 100nF 100nF 100nF #100nF j100nF 100nF #4100nF 100nF ~ = i 100nF 
C14 100uF Link 100uF Link 100uF Link 100uF 1l00uF 100uF 100uF 1l00uF 100uF 100uF 100uF 
C15 100nF - 100nF — 100nF - 100nF 100nF 100nF 100nF 100nF #4100nF 100nF = i100nF 
IC1 741 741 741 741 741 141 141 141 741 741 741 741 741 741 
LKl - _ ~ _ _ — — Link ~ - — _ - ~ 
LK2 - _ _ - - - Link ~ - ~ ~ - ~ - 
LK3 - - - - - - _ _ — — Link Link Link 
FB - - Link Link Link Link Link Link Link SW1 Link Link ~ Link 
* Optional 


** Only required if input is AC coupled 


Table 1. Component references for configurations ‘A’ to ‘N’. 
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Figure 10. Non-inverting summing amplifier. 


R4=R5 - 
R7=R10 | 
lf R4=RS=R7=RIO=UNITY GAIN 


(COLD) Ss - { 
(HOT) +0 


Figure 11. Differential amplifier. 


Differential 
Amplifier 


Symmetrical Supply 


Differential amplifiers are 
very useful circuits for remov- 
ing common mode noise, and 
are often used in instrumenta- 
tion circuits, balanced line 
receivers and audio input 
stages, i.e. for microphones. 
The in-phase and out-of- 
phase signals (sometimes 
referred to as ‘hot’ and ‘cold’) 
are applied to the differential 
amplifier inputs. Any noise 
common to both inputs will 
be cancelled; the net result is 
a noise free signal. The circuit 
is shown in Figure 11. 
Basically if all resistors are 
of equal value, then the 
opposed phase ‘hot’ and 
‘cold’ signal will be passed on 
at the output. Any signal on R4 
will be halved at the junction 
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with R7 and the ‘+’ input of 
the op-amp, but recovered to 
unity gain at the output by the 
opposite phase signal path in 
R5 and R10. However, the 
same signal in the same 
phase on both inputs will 
result in the output being 
reduced to zero. 

Using the component val- 
ues from Table 1, the circuit 
will have unity gain on each 
input but the output signal will 
be the sum of the signals on 
the inverting and non-invert- 
ing inputs. 


Basic Integrator 

A basic integrator circuit is 
shown in Figure 12, and this 
type of circuit was often used 
in analogue computers for cal- 
culus computation of continu- 
ally varying signals. It is also 
used as servo correction in 
feedback circuits. The formula 


for calculating the gain is: 


1 , 
Vow = eae | Vind 


where 6; = time taken for 
change. 


Basic Differentiator 


The differentiator (see Figure 
13) was also used in analogue 
computers for calculus com- 
putation of velocity (the rate 
of change); differentiator 
Circuits are not widely used 
as they are prone to noise, and 
the gain varies with frequency. 
Min 

Or 
where 6Vin = change in input 
voltage. 
A circuit is shown in Figure 
12, and component values for 
this are listed in Table 1. 


Vout = —R10 x C5 x 


Sine Wave Wien- 
bridge Oscillator 


To form an oscillator, two 
things are required -— firstly, 
the circuit must have a gain 
of more than unity (>1), and 
secondly, a phase shift of 360° 
from output to input. Both 
these requirements can easily 
be met for a square wave 
oscillator (a square wave 
because the amplifier will run 
into saturation). But, for a low 
distortion sine wave oscillator, 
two types of feedback are 
required, positive feedback 
(regenerative) for oscillation, 
which should be of unity gain 
(or very slightly greater to 
overcome losses), and nega- 
tive feedback (degenerative) 
to prevent saturation and 
reduce distortion. 


A Wien-bridge oscillator is 
shown in Figure 14. The Wien 
bridge part of the circuit is R7, 
R8, C6 and C8, which form the 
regenerative feedback net- 
work. Keeping the values for 
R7 and R8 the same, C6 and 
C8 will simplify the formula 
for frequency which would 
then be: 

1 
Jo= 2nxRxC 


The regenerative feedback 
network components are R10 
and LP (in the position of RY), 
and operate similarly to the 
non-inverting amplifier, by 
controlling the gain of the 
oscillator. This being equal 
to R10/LP, where LP = lamp 
filament resistance, the gain 
should never be so high as 
to cause flat topping of the 
sinewave. 

The (apparently strange) 
use of a lamp in the gain 
setting network stabilises the 
output amplitude; if the output 
amplitude increases, the volt- 
age across the lamp will also 
increase and heat up the fila- 
ment. Therefore the filament 
resistance will also increase, 
which in turn will decrease 
the gain. For a Wien null 
network, where the phase 
shifting components C8, R8, 
R7 and C6 also attenuate by 
a factor of three, the lamp fila- 
ment’s task is to maintain the 
regenerative gain of the amp- 
lifier also at three. The final 
effective gain is, then, unity. 
The advantage of this method is 
that the lamp will maintain the 
necessary gain for all combi- 
nations of the negative feed- 
back chain for all frequencies. 


_ C9 MUST be low leakage, 
_ NOT electrolytic. 


— R5=R7 


- 
| RSxC9 


Figure 12. Basic integrator. 


| RIO 


RESET 
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Using the values shown in 
Table 1, the output frequency 
will be approximately 1kHz. 


Basic Schmitt 
Trigger 


A basic Schmitt trigger is 
shown in Figure 15, and this 
type of circuit is very useful 
for interfacing varying 
analogue signals to digital 
circuits. A Schmitt trigger is 
designed to have ‘hysteresis’ 
— the upper and lower input 
trip points which are set to 
affect a change at the output. 
In the circuit of Figure 15 the 
hysteresis that a varying ana- 
logue input must overcome to 
trip over the output is simply 
determined by the voltage 
level at the junction of R7 and 
R8. The formula for the upper 
trip point (UTP) measured at 
the non-inverting input is 
Vure= VX Big RG 
the lower trip point formula is 
R9 
R10 + R9 
Note the change in sign. 
Because the circuit operates 
from a symmetrical supply, 
the hysteresis is centred 
around OV; the total hysteresis 
is LTP + UTP. 

An alternative method of 
setting the trip points directly 
is to use two back to back 
Zener diodes in place of RY, 
also shown in Figure 15. This 
method will only allow an LTP 
below OV and an UTP above 
OV. 

Using the values shown in 
Table 1, the UTP will be 50% 
of the +V supply and the LTP 
will be 50% of the —-V supply. 


Vutp = +VX 









R10xC9=R5xCS 
R10=R7 | 





Figure 13. Basic differentiator. 
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VouT = —R10xc5 —N. 


Square Wave 
Schmitt Trigger 
Oscillator 


A square-wave oscillator can 
easily be constructed with an 


op-amp, as shown in Figure 16. 


Resistors R7 and R8 set the 
UTP and LTP, and altering 
either value will change the 
trip points and hence the mark 
space ratio at the output. With 
equal values for R7 and R8, 
the output mark space ratio 
will be 1:1. The amplitude of 
the square wave will be almost 
equal to the supply rail volt- 
ages. Components R10 and 
C7 set the frequency of oscil- 
lation. Keeping the values for 
R7 and R8 equal will simplify 
the formula to 

1 


fo= Bx R10 x C9 


A triangular waveform is also 
available at the non-inverting 
input, but if you want to use 
this signal this connection will 
require buffering to prevent 
loading the R8/R7 network 
and upsetting the behaviour 
of the oscillator. The ampli- 
tude at this point will be 
approximately 75% of the +V 
and —V supply rails. 

If a high frequency oscilla- 
tor is required, then a high 
slew rate amplifier should be 
used instead of the 741, which 
includes internal frequency 
compensation which limits its 
upper frequency response. 

Using the values shown in 
Table 1, the output frequency 
will be approximately 1kHz. 

The following notes 
apply to many of the above 


R10 


7 ees 





circuit configurations, where 
applicable: 


Using Offset Trim, 
for Symmetrical 
Supplies Only 


Like many other op-amps the 
741 provides an offset trim 
facility, which enables the out- 
put offset error voltage, which 
is usually in the order of milli- 
volts, to be reduced to zero 
by the inclusion of RV1 (see 
Figure 17). Generally this is 
only required where minute 
DC signals from the output 
are to be amplified further. 

If AC coupling is used, offset 
null trimming is unnecessary. 
Basically RV1 is rotated for an 
output of OV DC while the out- 
put is monitored with a DC 


Figure 15. Basic Schmitt trigger. 


QF R8 


C6=C8 





W202 (LTP) 


millivoltmeter (or multimeter 
with a very sensitive DC volts 
range). 

CAUTION: shorting the 
trim terminals of the 741 IC to 
either the +V or OV rails will 
destroy the 741 op-amp! 


Adding Bandwidth 
Limiting to a Non- 
Inverting Amplifier 


Referring to Figure 18, which 
shows the Gain BandWidth 
product (GBW or GB) of the 
741 op-amp, it can be seen 
that the open loop response 
(0% feedback) of the op-amp 
has very little bandwidth 
before the gain begins to roll 
off; this area is known as the 
‘full power bandwidth’. At the 
other extreme, with the op- 
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i 1 R7=R8 
2.2xR10xC7 


Figure 16. Basic Schmitt trigger square wave generator. 


width is very wide. 





Figure 17. Using the offset null 


control. over a period of time, 


GAIN 


Approx 
50x10% 


) 


OPEN LOOP | 
RESPONSE, | 


UNITY GAIN RESPONSE 
DC 10kHz 


Figure 18. Graph of gain bandwidth of a 741 op amp. 
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amp running at unity gain 
(100% feedback), the band- 


Using such a graph, the 
bandwidth can be predicted 
for a given gain; you may find 
that at low gain the bandwidth 
is too wide for your applica- 
tion, but there are several 
ways of limiting the band- 
width of the amplifier. All of 
which reduce the slew rate, 
that is, the rate of change at 
the output of the amplifier 





R7+C4 
R/7+C6 
R1iO+C9 
R9+C10 
R114+C11 
RiZect 





High Pass 
Low Pass 
Low Pass 
High Pass 
High Pass 
Low Pass 


teed ud 


11 11 O/P 
; C 


HE gan 


Figure 19. Adding bandwidth limiting to a non-inverting amplifier. 


expressed as V per us. 

Figure 19 shows some of 
the possible filter configura- 
tions, and simple highpass, 
low-pass, bandpass and notch 
filter functions can be easily 
realised. 

Each component pair 
shown in the list accompany- 
ing Figure 19, e.g. R7 and C4, 





or R12 and C11, etc. is known 
as a ‘pole’. A single-pole 
filter is also known as a ‘first 
order filter’ or -6dB per octave 
filter. 

Higher order filters (-12dB, 
—18dB, etc.) can be made by 
cascading circuits of the same 
frequency, e.g., a first order 
high-pass filter circuit feeding 
into a second order high-pass 
filter circuit will give a third 
order response, i.e. -18dB 
per decade. . 

The formula for the -3dB 
point of a first order filter 
frequency is: 


fs 
2m xRxC 


Bandwidth Limiting 
of an Inverting 
Amplifier 


Figure 20 shows the possible 
configurations to limit the 
bandwidth of the inverting 
amplifier. The action of capa- 
citors C7 and C9 was dis- 
cussed earlier, and increasing 
the values of these will lower 
the bandwidth. 


Construction 


Firstly you have to decide 
which configuration you are 
going to build, and then, 
referring to Table 1 for the re- 
quired components and links, 
select the components you 
need. The values shown in 
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R12] | 


Figure 20. Adding bandwidth limiting to an inverting amplifier. 


the table are only suggestions 
and need not be adhered to, 
but in many instances may be 
a good starting point. 

While referring to the 
PCB legend, Figure 21, fit the 
resistors required in the posi- 
tions on the PCB according to 
the selected option from 
Table 1. Similarly fit the links. 
Fit the diodes, followed by the 
PCB pins. Install the IC socket 
making sure that the orienta- 
tion marker at one end aligns 
with the marker on the 
legend. | 

Fit the capacitors required. 
The polarity of the input elec- 
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trolytic capacitors (if used) 

are not marked on the legend; 
their orientation will depend 
upon what type of power sup- 
ply is to be used (symmetrical 
or asymmetrical). 

As a guide, if a symmetri- 
cal supply is used, then the 
capacitor(s) positive (‘+’) lead 
should be orientated towards 
the input pin; if an asymmetri- 
cal supply is used, the 
negative (‘—’) lead should be 
connected to the input pin. 

Finally, upon fitting the IC 
into the socket, the module is 
ready for use. 





Figure 21. PCB legend and track. 


The Maplin ‘Get-You-Working’ Service is not 
available for this project. 
The above items are available as a kit, which offers 
a saving over buying the parts separately. 
Order As LT33L (Op Amp Proto Card Kit) Price £6.95 
Please Note: Where ‘package’ quantities are stated in the 
Parts List (e.g., packet, strip, reel, etc.), the exact quantity 
required to build the project will be supplied in the kit. 
The following new item (which is included in the kit) 
is also available separately, but is not shown in the 
1993 Maplin Catalogue. 
(Op Amp Prototype PCB) Order As GH51F Price £2.75 
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Introducing the Triode 
Amplifier 

W'n general, amplifiers can be classi- 
fied according to their character- 
istics and properties. One such 
classification is according to the fre- 
quency range over which they are sup- 
posed to operate, and which falls into 
four broad divisions: (1) direct-coupled 
amplifiers; (2) audio-frequency ampli- 
fiers; (3) radio-frequency amplifiers and 
(4) video-frequency amplifiers. 








Another possible classification may 


be used to determine whether the 
amplifier is ‘aperiodic’ (untuned) or 
tuned. For example, audio-frequency 
amplifiers are aperiodic, because they 
are intended to handle all frequencies in 
the audio-frequency spectrum equally. 
Radio-frequency amplifiers, on the other 
hand, whether in transmitters or 
receivers, are tuned amplifiers, since 
they are intended to concentrate on a 
narrow band of only frequencies centred 
around a single radio-frequency, often 
the carrier, to the exclusion of all 
others. | 

Amplifiers can also be classified as 
either voltage or power amplifiers, 
according to whether the primary aim is 
to raise the voltage level or the power 
level of a signal. This is true whether the 
amplification is at audio or radio-fre- 
QuenCcies. . 

Finally, amplifiers can be classified 
according to their operating conditions, 
e.g., Class A, class B, class AB or class C. 

But for the moment at least we shall 
consider the use of the triode valve as a 
voltage amplifier at audio-frequencies. 


The Triode as an 

AF Voltage Amplifier 

To understand how amplification is pos- 
sible with a triode valve, we need to 
remind ourselves about the mutual 
characteristics of a triode (the graph of 
anode current |, against grid voltage V4), 
and of the need for a grid bias voltage 
and how the latter is obtained. In Part 
One of this series we discussed this 
characteristic, in particular how it 
showed that the standing value of anode 
current through the valve depends 
upon the negative voltage applied to the 
grid; if this negative voltage is made 
sufficiently large, the anode current 
becomes cut off altogether. We also dis- 
cussed how the negative bias voltage 
for the control grid could be obtained by 
making the cathode positive with 
respect to the grid, this then being 
termed cathode bias. 

With the above in mind, now look at 
Figures 1(a) and l(b). Figure l(a) shows 
__ the triode valve with cathode bias com- 

ponents Rx and C;, and the grid leak 
resistor Rg. An alternating input signal 
(a sinewave) is applied to the grid; the 
latter is known as Vg (small ‘v) as 
opposed to Vg which is the DC bias volt- 
_ age. This situation is shown graphically 
in Figure 1(b). The construction shows 
that, for this particular valve, the value 
of the bias voltage V, is —1-OV, which 
produces a standing value of anode cur- 
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rent |, equal to 4mA. This is obtained by 
projecting upwards from the value of 
—V, until we intercept the static curve 
for Va = 150V and then projecting across 
to the vertical axis where we read off the 
value of la, namely the 4mA referred to. 
This discussion has only dealt with the 
DC conditions which are valid in the 
absence of a signal. 

However, the above amplifier has an 
alternating signal voltage applied to the 
grid and Figure 1(b) shows that this has 


_a peak value of O-5V. Thus, as can be 


seen from this figure, the grid voltage 
swings between the limits of —-O-5V and 
—1-5V, this occurring equally on either 
side of the bias voltage value of —1-OV. 
From this we would expect that the 
anode current would also alternate ina 
similar manner, increasing on the ‘pos- 
itive going half-cycles and reducing on 
the ‘negative going’ half-cycles. Notice 


Underside view of experimental valve chassis, showing tagstrip for components and screw 


terminal block connector. 


A Practical 
Guide- PART TWO 











by Graham Dixey C.Eng., MLE.E. 


the reference to the ‘positive going’ half- 
cycle rather than simply saying positive 
half-cycle. This is, of course, because 
the grid never actually becomes positive 
(with respect to OV) but only ‘less neg- 
ative’. The peaks of the alternating grid 
signal voltage have been projected 
upwards to intercept the static curve 
referred to earlier and then projected 
across to the I, axis. This gives the 
limits of the corresponding variation 
of anode current. 

When the grid voltage swings to 
~—1-5V the anode current falls to 2-7mA, 
and when the grid voltage swings up to 
—0-5V, the anode current then increases © 
to 5-3mA. This represents a Pk-to-Pk 
anode current variation of 2-6mA, 
centred about the steady anode current 
(no signal) value of 4mA. 

So far we have used a voltage varia- 
tion on the grid to produce a corres- 


uate 
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—Vg (Volts) ~2 


4mA (d.c.) £1.3mA (peak a.c.) 

























Operating 
point 


bla 
m = Slope = — 
g p 5v 


_ 2mA 
0.76V 


2.63mA/V 





—Vg (Volts) 29 





=) 00V 





=O.527 





Change of Ia Gly) 
= 2mA 








ures can be multiplied together directly 


to give the amplification factor p. 
Thus, pt = 13:5 x 4, = 54. 

This is the value given in Table 1. There 
are, of course, no units for p, since it is 
a ratio of output voltage over input volt- 
age (signal values). This can be seen 
from a simple multiplication, as follows: 
change of Va 
change of la; 













a7 


change of la 
change of Vg; 
or, less verbose: 

Va 

dla 


If we multiply these two expressions 
together, to get an expression for u, we 


n= 


















=0. 





look up the typical value of gm in a valve 
data book. However, we will instead 
obtain it in a way that will make use of 
the theory given in Part One — a much 
more useful if more lengthy procedure! 


The Qm of a valve can be obtained by © 


measuring the slope of the mutual char- 
acteristic. This measurement should be 
made at the operating point, that is, the 
portion of the characteristic at which 
the valve is seen to be DC biased, in this 
case, defined by Vg = —1:0V; la = 4mA. 
The mutual characteristic of Figure 1(b) 
is now repeated in Figure 3, with the 
appropriate construction added, as fol- 
lows. 

A graph has been drawn with conve- 
nient increments of anode current, la, in 
the vertical Y axis; in this case the incre- 
ments of |, are 1mA on either side of the 
standing quiescent value of 4mA, i.e. a 
total change of la (dla) of 2mA. Note the 
use of Greek letter 6, delta, also often A, 
used to describe the triangular shape 
outlined by the dotted lines in Figure 3, 
thus identifying that these are not the 
static DC biased values we are dealing 
with. All we need do now to find the 
value of gm is to project this variation dla 
downwards onto the horizontal V, axis 
to find the corresponding change in V, 
(5V4). Dividing the change in L (dla) by 
the corresponding change in Vg (5Vg) 
yields the mutual conductance gm. 

Since the increment in Vg is from 
—0-62V to -1-38V, then the total change 
in Vg is 0-76V, giving a value for gm of 
2mA/0-76V, which equals 2-63mA/V, a 
perfectly reasonable value for a triode. 

We are now in a position to calculate the 
voltage gain of the stage. 

As stated previously, VAF = gm X Rea, 







a 
where gm = We 
VAF = 2:63 (mA/V) x 10 (kilohms), 
= 0:00263 (A/V) x 10,000 Q, 
= 20'S. 


This is the figure obtained previously, 
thus pointing to the validity of the for- 
mula used: Note that the peopuct of Om 





Change of vg (é6vg) 
76V 


Figure 3. Determining the gm of a triode valve. 















































13°5k O and gm = 4m/A/V. These two fig- 


ical value, a useful fact which avoids 
the use of the appropriate powers of 10 
(since these are implicit as in the 
method of the second line above). 


The Triode Parameters 


in kilohms will give the correct numer- 


shall end up with the expression, 


since the ‘dl,’ term will cancel out in 
both expressions. 











We have now met two of the three tri- 
ode parameters, namely the anode slope 
resistance ra, and the mutual conduc- 
tance gm. The third of the parameters is 
u (mu) and is known as the ‘amplifica- 
tion factor’. This is NOT the same thing 
as the Voltage Amplification Factor 
(VAF) referred to above. Mu is a para- 
meter of the valve itself, and has no rela- 
tion to the value of anode load used. 
VAF is the voltage gain of an actual 
stage and is dependent upon the value 
of anode load used. It is not surprising 
that the value of VAF will always be 
somewhat less than the value of 11, since 
there will always be some signal loss 
due to the fact that the valve amplifier 
has some internal resistance (fa in fact). 
What u does give us is a clue to the abil- 
ity of any given valve to act as a voltage 
amplifier — a starting point for a design, 
if you like. There is a simple relationship 
between the three valve parameters, by 
which any one can be calculated if the 
other two are known. This relation is: 

Ll = Ta X Gm. 
Taking a real example, the entry in 
Table 1 for the ECC81 shows that ra = 














Completed chassis with valves in pla 


Frequency Response of 
Triode Amplifier 

The bandwidth of an amplifier is con- 
ventionally defined as being the range of 
frequencies lying between the two 
points, where the response has fallen by 
3dB from the mid-band value. At high 
frequencies the response is limited by 
shunt capacities, such as the interelec- 
trode capacity between grid and cathode 
(known as Cy). This latter is an obvious 
‘stray’ capacity in parallel with the sig- 
nal path. What is not so obvious is that 
this value of input capacitance is 
enhanced by a further shunt capacity 
which is ‘reflected back’ to appear in 
parallel with Cgx. This additional capa- 






Table 1. Principle parameters of ECC81, ECC82 and ECC83 double-triode valves. 
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city has a value equal to Cag (the capa- 


citance between anode and grid) — _ _ 


multiplied by (approximately) the volt- 
age gain of the stage; this is termed the 
‘Miller effect’. Thus, the input capacit- 


ance can actually be quite high, and © 


_ this sets a limit on the high-frequency 
performance of triodes, unless special 
measures are taken to improve this 
aspect of performance. 

The response at the low-frequency 
end of the spectrum is largely deter- 


mined by external factors, namely the © 
high-pass filter formed by the series | 
coupling capacitor and the input resist- _ 


ance of the valve. The latter is appar- 

_ ently infinite, because the input circuit 
of the valve itself is a physical gap 
between the cathode and grid, with no 
current flowing in the grid circuit. 
However, the grid leak resistor appears 


in parallel with the grid-cathode path 


and, since this usually has a resistance 
of 1MQ, this becomes the input resist- 
ance of the amplifier. The frequency 


response at low frequencies is then — 
determined by the value of the series — 


coupling capacitor. | 

With a simple RC filter of this type, 
the -3dB response point occurs when 
the reactance of the capacitor equals 
the value of the resistor. This makes it 
easy to calculate the value of capacitor 
required in order to obtain any given 
low-frequency response. Let us take an 
example. 

Suppose that the grid leak does have 
a value of 1MQ and that the lower -3dB 
response point is to be at 40Hz. This 


means that the reactance of the coup- | 


ling capacitor must have a value of not 
more than 1MQ. at this frequency. Thus, 
since 1 
= 10° ee 
X. = 10°Q and X, = DEX FKC 
Then: : 
1. 
" 2nx40 ” 
0:004 uF 


4nF 


This illustrates how the high input 
impedance of valves allows small values 
of coupling capacitors to be used. In a 
solid state amplifier using BUTs (Bipolar 
Junction Transistors), coupling capa- 
citors are more likely to have values of 
the order of 10uF or so (since the input 


C 


__-Figure 5. Circuit diagre 
_ — 1993 Maplin Magazine 


m for a simple s stabilised va 


oe ofa eoaian emitter LO 
fier is of the order of only 2 to 3kQ). In 
practice, valve audio-frequency ampli- 
fiers in the past commonly used coup- 
ling capacitors having values of, say, 


0-1yF (100nF), which is plenty enough. 


Valve 
viewed from 
below 


ig u re 4. Base connections (underside view) 
for the ECC81, ECC82 and ECC83 double- 
triodes. 


valve power supply. 





Th valve power =. with transformer and circuit board mounted on aePeneens. 


Currently Available 
Triode Valves 


Not surprisingly, the availability of 
valves of any sort is extremely limited 
these days, since there are so few appli- 
cations for them (and - those that are 


pee, Forgetting about the high-power 


applications such as radio transmission 


and industrial eddy current heating 


sets, for which they are ideally suited, 


the audio field offers the major appli- 
cation area now, especially for power 
amplifiers. In this case the first stage is 
likely to be a pentode, as will be the 
power output stage also (operating in 
push-pull). 

Triodes are used for the intermediate 
amplification, and the most usual (and 
useful) configuration is the double-tri- 
ode, that is two triodes of the same type 


_in the same envelope (glass tube). There 
_ have always been three firm favourites 


in these stakes, and these are the ones 
still readily available today. They are the 
ECCS|, ECC82 and ECC83, also 


R2 re 
4k7  125mA_ RD 














To 240V 
Secondary 


OO 


oo oOo O°0O O0OC OO 0 OOO 00 0 0 
O0O0O000 0000000 0 
oO 00 00 00 0 C0 OC 0 0 0 


O 


STRIPBOARD 


ooo 0 00 00 00 0000 
ooo 00 00 000 000 © 


OoO:O0 0 0 OOO OO OO OOOO Oo 
OO COO OCOD OCC OCC OC OO CO Oo 


+150V O/P 
ia. F2 


RZ 


OO 
oO. 0 
©: .© 
OO 


O00O0 000000000 0 
o0oo0o oo 0c 00 00 000 00 000 


0000000 0 
0:0 0 0 0 0°00 


Figure 6. Layout diagram for the power © circuit board. Component leads are hard 


wired on the underside of the matrix board. 


known alternatively as the 12AT7 : 
12AU7 and 12AX7 respectively. 


In the latter nomenclature the first | 


part, the number 12, indicates the | 


heater voltage (actually 12-6V AC at 
0-15A), and this implies that a 12V sup- 
ply is required to power the heaters. In 
fact this is not so since the heater is 
actually centre-tapped, so making it 
possible to parallel the two halves and 
energise them from a 6:3V AC supply at 
twice the current, namely 0-3A. (If pow- 
ered in series the higher voltage option 
is actually 12-6V.) The pin connections 


for all these three types are the same © 


and are shown in Figure 4. This makes 
it easy to swap the different types 
around in the same valve holder while 
experimenting with them. 

Table 1 shows the principal data for 
the three types for comparison. This 
_ data includes typical anode and grid 
voltages, and a corresponding anode 
current value. The values of the three 
triode parameters, Ll, fa and gm, are also 
given. This table indicates that the 
ECC81 is a medium gain valve with 
moderate values of ra and quite high 
values of gm; the ECC82 is a low gain 


valve, with low values for both of these — 


parameters, but the ECC83 is a high 
gain valve, due to its having a very 
much higher value of rz even though 
its Gm value is very low. 


_ An Experimental 
Chassis : 
_ While it is possible to build valve circuits 
on PCBs, it is more convenient (and 
more interesting) to use a more tradi- 
tional aluminium chassis with round 
‘cut-outs in the top for chassis mounted 
valve bases. A tag strip can be mounted 
_ inside (or a tag board on pillars) to allow 
circuits to be hooked up and modified 
without too much aggrav ation. A suit- 
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able chassis exists (XB56L) and the 
photographs show how this has been 
used for the purpose described. It is 
worth buying a ready made chassis like 
this as it saves the chore of bending raw 
sheet into shape, which is not easy to 
do neatly without specialised bending 
tools. The B9A bases (Order Code 
CR31J) used for the valves require a 
22-5mm (“%in.) diameter hole to be cut 
in the chassis, which is easily done 
using a ‘Q-Max’ hole punch (Order Code 
BA68Y). This also requires an 8mm 
Allen key to turn it, but if this is lack- 
ing it is possible to use a suitably sized 
box spanner and tommy bar. 

A tag strip on the inside of one long 
side allows for the mounting of com- 
ponents and as a ‘jumping off point’ for 
components or connections to the valve 
bases themselves. To take the power, 
both HT and LT, into the experimental 
chassis, a ‘chocolate block’ (screw ter- 
minal block) can be mounted at one end 


and the wiring run through to the in- 
terior of the chassis through a small 
hole, using a grommet for safety. The 
use of this chassis will be dealt with in 
more detail next month, but its intro- 
duction now will allow time for those 
interested to prepare one in advance. 


A Valve Power Supply 
Compared with solid state devices, 
valves need much higher voltages 
although at very much smaller cur- 
rents. This reference is to the HT volt- 
age, of course (HT = High Tension, as it 
was known). The heater supply will be 
6-3V at, often, several amperes. This 
requires a specialised transformer, 
which must have both a low voltage, 
high current winding for the heater sup- 
ply, as well as a high voltage secondary 
winding for the HT. Such a specialised 
transformer has been made available 
and can be found in the Maplin 
Catalogue (see Parts List for details). 
This has a 240V 100mA secondary and 
a 6-3V 1-5A secondary. Thus it is capa- 
ble of supplying the heaters of five valves 
if each is rated at 6-3V 0-3A, as are the 
double-triodes described earlier. 

The circuit diagram of the complete 
power supply is shown in Figure 5. 

There are some fundamental prob- 
lems in the design of valve-based equip- 
ment these days, due to the fact that 
much of the supporting hardware is 
simply no longer available. In the days 
when valve designs were current, 
appropriately rated capacitors were 
available in a wide range of values. For 
example, the reservoir capacitor for a 
valve power supply would have a value 
of about 16uF with a voltage rating of 
350V DC or 450V DC. Moreover, such 
a component would be quite large phys- 
ically. Today, in the Maplin Catalogue, 
there is only one component that gets 
anywhere near matching this specifica- 
tion and that is a 1OuF 450V DC item. 
However, on the plus side (pardon the 
pun), it shows that technology has 
apparently advanced such that this cur- 
rent item is a fraction of the size of its 
forebears (which used to be tall, alu- 


Interior view of DC power supply: note separate fuses for mains input and DC output. 
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The standard format of the Mullard type number as printed on Mullard and 
equivalent valves comprises two or more letters followed by a group of up to 


three figures, for example: 
ECC 83 


The type number is organised as follows: 


ECC 8 3 


|_______ Second and subsequent digits refer to a particular design 


or development. 


First digit indicates type of plug base: 
B10B (10-pin) 
Octal (bonded-on 8-pin plastic base) 


B8A base 


B9D (magnoval, wire-ended, etc.) 
BYA (noval, 9-pin integral with glass envelope) 
B7G miniature 7-pin, glass 


Class of second valve sharing envelope, if any (as below) 


single diode 





WW > 


triode 


tetrode 
pentode 


—4:0V 
200mA 


6-3V heater 
5-OV heater 
2:0V 


VROBCOP ET NX ZATODmWOO 


Class of primary valve: 

double diode 

power output triode 

power output tetrode or pentode 
hexode or heptode (hexode type) 
octode or heptode (octode type) 
tuning indicator (‘magic eye’ 
half-wave rectifier 


full-wave rectifier 


eater or filament voltage or current: 


0-5 to 1-5V filament 


300mA heater 


U 100mA heater 


Therefore the ECC83 is a double triode with 6-3V heater and a B9A base, and 


















Table 2 Mullard Valve Device Ty] 








- minium cans mo nted vert ically on top 
_ of the chassis with the aid of capacitor 
clips, their tags made accessible 
beneath via a round cut-out); it is also 
very cheap. Thus the design uses two of 
these in parallel in order to get a total 






_ these capacitors is 280mA, which is 
_ more than adequate for tl th . I 






_ rating to ma ich the 340V_ peak sec- 
and, for this 
pu irpose, a bride eee, constructed 


_ from four discrete 1N4004 Bis aod 
py which are 
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1 





ypes Nomenclature. | 


: Zener diodes, givin 


ie De fattog of | would limit the possible output current - 
| further since all 
| range have a po 
_. | The design of the shunt regulator 
ectifier needs to have a a voltage _ | means using a series resistor capable of 
| dropping some 200V at 36mA (the extr 


| duction when full lo: 
| is being drawn. ‘The calculated power 


340V DC across the goed capacitor. | 


It was eae that this was es too high — . 





the design is taken to ‘version 3’. Other types can be deduced in this way, e.g., 
EC9O, a single triode with B7G base and 6-3V heater; PCF806, a triode 
pentode with B9A base and a heater designed for a 300mA series heater chain, 
and was designed for use in mains powered TVs. 


form two useful functions — dispose of 


the excess DC voltage and obtain a sta- 
_bilised supply with a nominal output of 
_ 150V. It was tease to use four aed 










sf rs are available, this 





all diodes in the av ilable 
rating of only 1-3W. 





— 6mA keeps 






the Zener diodes in con- 
load current (30mA) 





rating is about 7W and an approp: 

wirewound resistor is used. 

2 A case was chosen from the Maplin 
range, which had its own separate chas- 
sis. This is conveniently sized a 


le ate 










7 _ piece i matrix board ( r strip 
ing a be mounted in it and wired, prior to 


stalling it in the case and connecting 








it up to the case-mounted components. 


Figure 6 shows the layout of the circuit 


on matrix board, and the photographs 
show the layout used for the front panel 
and rear panel components, the latter — 
being separate fuses for the mains input 
(1A) and HT output (125mA). A neon 
double-pole rocker switch is used for 
power on/off, and ‘touch proof 4mm 


_ sockets are used for the LT and HT out- 


puts. Use red and black sockets for the 
HT output and two black sockets for 
the LT output. The prototype used 4mm 
terminal posts, but it is strongly rec- 
ommended that 4mm ‘touch proof 
sockets suggested are used for reasons 
of safety. It is also recommended that a 
high voltage warning label is applied to 
the unit. It is important that the case 


_| and transformer are properly earthed, 
_ this can be achieved by using a solder 


tag; secure it to one of the transformer 
mounting lugs by means of a nut, bolt 
and shakeproof washers. It is import- 


| ant that any varnish is removed from 


the mounting lug so that a sound eléc- 
trical connection is made. The inco 


- mains cable earth wire should be sal 
_| dered to the tag. All connections within 
| the PSU should be suitably insulated. 

The HT output is floating but the OV 


side of the regulated DC output can be 


Switched mains 
to transformer 





| Figure 7. Wiring of the double-pole rocker 


switch. Connections should be insulated. 


earthed if required by strapping it to 


this terminal. Alternatively, a further 
front panel 4mm terminal post could be 
added (connected to the solder tag) to 
allow earthing of the HT supply at will. 
To illuminate the neon in the rocker 
switch, the mains wiring should be 
made as shown in Figure 7. 


Output Ripple Voltage 


The unit was tested when built, and 
loaded to full capacity on the HT side by 





drawing the full-load current of 30mA. 
_ The output voltage was measured as 


144V and the ripple at this loading was 
less than 0-2V Pk-to-Pk. For the output 
voltage quoted this is less than 0-14%, 
so is not of any significance. 


Note: The power supply is not 
designed for continuous use with the __ 


output unloaded. 


- In Part Three we shall use iis power a : 
| supply while designing, building and 





iode amplifier circuits. 


testing some trioc _ 
| A 








TING: 


It is imperative that every possible pre 
caution is taken to prevent electric 


_ shock. High voltages on both primary . | 


and secondary ports of the PSU « 


kill. Do not operate the PSU with the | 
case disassembled. High voltage is pres- | 
ent on the HT output sockets. The | 
capacitors in the PSU will hold a sub- | 


stantial charge for a period of time after 
switch off; this charge will also be pres- 


ent on the HT output sockets. Full con- | 
struction details have not been given, 
therefore safe construction and use 


depends on the expertise of the con- 


structor. If in doubt as to the correct | 
way to proceed, seek advice ofa suitably | 
qualified person before continuing. | 
j Gas enenen 7 


Tests for earth conti inu 


ering v up the onl 


The completed power supply unit (note  . 
! na s, it is 


strongly recommended th cay ‘touch 
proof’ sockets are | used instead for reasons 


of safety). 


CB Radio continued from page 24. 


wall or roof-mounted CB aerial would 
give much improved results over the 
telescopic aerial fitted to the set. 

When the set is to be used from its 
own internal batteries, rather than a 
cigarette lighter socket or home-base 
power unit, there are a number of very 
useful battery-saving features. Apart 
from reducing the power to 400mW (this 
reduces current consumption from 1-2A 
to 700mA), it is possible to turn the 
display off. This is useful because LED 
displays are power-hungry, and in the 
case of this CB transceiver, it is not 
really needed once the rig is set to the 
correct channel. 

The rigs come complete with a 
protective case and, of course, an instruc- 
tion manual. The manual gives all the 
operational details that are needed, and 
it even includes a circuit diagram for 
those who want to know a little more 
about the technicalities. 


In Use 


The sets performed well. They were 
very easy to use and even people in the 
family who were unfamiliar with radio 
equipment were able to use them 

without any trouble. This, of course, 
does reflect the nature of CB — trans- 
ceivers can become a very useful form 
of communication for the family. 

The distances which can be reached 
were found to be very respectable. With 
one transceiver located in the home 
(bear in mind the screening effect of the 
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Miscellaneous hardware items to finish: 
grommet, pillars, screws, cable clamp, solder terminals. 
The Maplin ‘Get-You-Working’ Service 
is not available for this project. 

The above items are not available as a kit. 


wiring, pipes and other metal objects), 
and the other just outside the car, 
distances of about three miles could be 
achieved quite comfortably. In fact, this 
test demonstrated one practical use of 
CB — the mobile set was used in a 
supermarket car park to check that the 
shopping list was correct! 

Battery life was not found to be a 
major problem. In most cases the set 
was used in the ‘low-power’ position. 
Only over the longer distances did it 
need to be increased to full power. The 
channel indicator was turned off when 
not required. It is difficult to give an 
assessment of battery life because it 
depends very much on the way in which 
the set is used — whether any of the 
battery-saving features are used, and 
the time spent transmitting. However, 
a fully-charged set of Ni-Cd batteries 
should last for an hour or more, even 
when transmitting for much of the time. 
In the car, the cigarette lighter adaptor 
lead ensured that copies could still be 
made when the rechargeable batteries 
ran out. 


CB-950 Summary 


The sets performed well and, priced at 
£69.95 [HI each, the CB-950 (CM30H) 
provides a very convenient and cost- 
effective way for the casual user to use 
Citizens’ Band. For the already-converted 
enthusiast, it is an ideal hand-held for 
those occasions when operation away 
from the base-station is envisaged. 





CB - What Next? 


It has been impossible to describe 
everything about CB in a short article. 
The best thing to do, if you're interested 
in its many benefits, is to find somebody 
who has a set (almost everybody knows 
someone who has had a set up at some 
time) and try it out for yourself, or to 
contact your friendly local CB retailer. 
In the meantime, ‘10-10’ for now! 


National CB 
Association 


Due to the public’s lack of awareness 
about CB, the National CB Association 
has recently been formed, embracing 
individual breakers, user groups, the 
Radiocommunications Agency, CB press 
and trade alike. Apart from introducing 
the public to the many benefits of CB, 
the NCBA sets out to represent the 
views of existing breakers, and to cam- 
paign on issues as diverse as licencing 
arrangements, deregulation, abuse and 
transmission modes. For further details, 
please write to the NCBA at the follow- 
ing address: 

National CB Association, 

P.O. Box 35, 

Huntingdon, 

Cambridgeshire PE17 3UQ. 
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The Setmakers 


by Keith Geddes in collaboration 
with Gordon Bussey 


Of all the major developments this 
century, few have been as important as 
the tremendous expansion of radio and 
television throughout the world. What 
started as a ‘cottage industry’ has grown 
into an enormous worldwide industry, 
with tremendous opportunities, that 
exploits modern technology to the limits. 

This very enjoyable book tells the 
British involvement of the development 
of radio and television, the colourful 
characters involved, who lead to the 
enormous growth in radio in the 30s and 
television in the 50s. This rapid growth 
was soon followed by an equally rapid 
fall, with the subsequent loss of famous 
household known manufacturing 
names. This change in fortunes left 
many in its wake and witnessed some 
hugely expensive casualties. 

The book discusses the interdepen- 
dence of setmakers and broadcasting, 
and in particular the very close liaison 
between the setmakers and the BBC. 
This liaison led to major technological 
developments in Britain, not least of all, 
television, which by 1937, Britain was 
showing to the world. The book is very 
much up to date, as it goes on to tell 
the story of the chaos surrounding the 
introduction of satellite TV in the UK. 

The setmakers have now created 
a giant, profitable, industry that is now 
setting very high standards, but almost 
entirely owned by multinational 
companies, most of which are Japanese. 

This profusely illustrated hardback 
book is highly recommended to anyone, 
young or old, who has an interest in 
radio or television, as it provides a 
detailed history of setmaking in the UK. 
1991. 464 pages. 250 x 180mm, 
illustrated. 

Order As WZ96E 


(The Setmakers) £14.95 NV 


Circuit Source Book 1 
R. A. Penfold 


This book has been written to help the 
reader create and experiment with their 
own electronic designs by combining, 
and using, the various standard building 
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block circuits described in the book. To 
widen the possible use of some circuits, 
advice is given on how to alter the circuit 
parameters. Many simple projects can 
be built up from standard circuit blocks, 
and this book will be invaluable to those 
who are embarking on electronic project 
design. To the more experienced circuit 
designer, it will be a very useful 
reference source, for all the circuits 

are tried and tested, and are not just 
theoretical circuits. Example values are 
given, together with advice on how to 
alter the values of components so as to 
alter the circuit parameters e.g., to vary 
the value of a filter frequency, or 
amplifier gain etc. Explanation of circuit 
block functions and what they do, is not 
given in great detail, for the book is only 
intended for those who have some 
knowledge of electronics. However, no 
advanced mathematics is required in 
order to make use of this book. 


R.A. PENFOLD 





The book is divided into three 
chapters with the first chapter covering 
filter circuits such as active filters, 
bandpass filters, tone controls, notch 
filters, state variable etc. Chapter two 
covers amplifiers, while chapter three 
covers miscellaneous circuits such as 
mixers, audio gates, rectifiers bargraphs 
and many more. Virtually all the circuits, 
and there are over 150, are concerned 
with some form of signal processing. 

A very useful and handy book for all 
professionals, students and hobbyists to 
have in their book collection. 

1992. 182 pages. 179 x 111mm, 
illustrated. 


Order As WZ92A 


(Circuit Source Book!) £4.95 NV 


; Guidance Notes to the 


16th Edition Wiring 


Regulations 
IEE 


A series of guidance notes that have 
been issued by the Wiring Regulations 
Committee of the Institute of Electrical 
Engineers (IEE). These booklets are 
designed to enlarge upon and amplify 
some of the requirements in the 16th 
Edition of the IEE Wiring Regulations 
(WZ90X). The principle section numbers 
that each guide relates to, are shown in 





i} may 
th Edition. Additionally, the Guid 
S contain references to other 
relevant information. A very useful range 
of booklets that all electricians in the 
electrical installation and maintenance 
industries should find extremely useful. 


On Site Guide 

This Guide is concerned with limited 
application of the Regulations in 
accordance with ‘1.1 Scope’. The 
booklet is split into 11 sections which 
includes: introduction, the service 
position, protection, bonding and 
earthing, isolation and 
switching, labelling, 
conventional final circuits, 
special locations giving 
rise to increased risk of 
electric shock, inspection 
and testing, guidance 
notes on initial testing of 
installations, operation of 
residual current operated 
devices. The appendices 
covers a variety of related 
topics, including; cable 
Capacities of conduit and 
trunking, resistance of 
copper and aluminium conductors 
under fault conditions, current-carrying 
Capacities and voltage drop for copper 
conductors etc. 

1992. 115 pages. 216 x 155mm, 
illustrated. 


Order As WZ97F 

(IEE On Site Guide) £9.00 NV 
Number 1 - Selection 
and Erection 


Number One in the series is concerned 
with Part 5 — Selection and Erection. 
The eight sections cover the topics: 
selection and erection of equipment; 
protection against electric shock; 
external influences; installation of 
cables; the sizing of cables; other 
influences; installation of equipment. 
A comprehensive appendices covers 
related topics. 

1992. 122 pages. 297 x 210mm, 
illustrated. 


Order As WZ98G 

(Selection & Erection) £11.00 NV 
Number 2 - Isolation — 
and Switching 


Number Two in the series is concerned 
with Chapter 46 — Isolation and Switching. 
The six sections in this booklet cover: 
statutory requirements; the regulations 


for electrical installations, definitions and 


principles; the regulations for electrical 
installation; detailed requirements — 
isolation; the regulations for electrical 
installation, detailed requirements — 
switching off for mechanical maintenance; 
the regulations for electrical installation, 
detailed requirements — emergency 
switching and emergency stopping; 
the regulations for electrical installation, 
detailed requirements — fireman’s 
switches. 

1992. 30 pages. 297 x 210mm, 
illustrated. 


Order As WZ99H 


(Isolation & Switch) £8.00 NV 

















1992. 92 pages. 297 x 210mm, 
illustrated. 


Order As AAOOA 
(Inspection & Testing) 


Number 4 - Protection 
Against Fire 

Number Four in the series deals sie 
Chapter 42 — Protection against thermal 
effects. The five sections cover the 
statutory requirements; wiring 


£11.00 NV 


regulations; thermal effects; use of the 
installation and alterations and additions; 
and finally other related topics (safety 
Services, fire alarms, emergency 
lighting, smoke detectors, lightning etc.). 
1992. 23 pages. 297 x 210mm, 
illustrated. 

Order As AA01B 

(Protection Against Fire) £8.00 NV 


Number 5 ~ Protection 
Against Electric Shock 
Number Five in the series covers 
Chapter 41 — Protection against electric 
shock. The eight sections deal with 
wiring regulations, protection against 
direct contact; protection against indirect 
contact; protection by means of extra- 
low voltage; earthing; circuit protective 
conductors; bonding and special 
installations or locations. 

1992. 85 pages. 297 x 210mm, 
illustrated. 

Order As AA02C 

(Protection Against Shck) £11.00 NV 


Number 6 - Protection 
Against Overcurrent 
Number Six in the series is concerned 
with Part 4 — Protection for Safety. The 
eight sections in this booklet deal with 
the regulations concerning protection 
against overcurrent; protection against 
overload; protection against fault 
current; determination of fault current; 
equations for the calculation of short- 
circuit currents; equations for the 
calculation of earth-fault current; selection 
of conductor size and finally a note on 
‘fault current withstand of flexible cords.’ 
1992. 87 pages. 297 x 210mm, 
illustrated. 

Order As AA03D 

(Protection Again O\Crrt) £11.00 NV 
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Note: Use of this 
unit in a place of 
public entertain- 


ment will require 
a local authority 
license. 











FEATURES 


ingle PCB module 
imple construction 
* Uses high-speed flash tube 


APPLICATIONS 


* Discotheque style lighting effects 

% Photographic special effects 

* The study of fast moving objects 

% Lightning effects for theatrical Been to any ‘taves’ lately? 


productions chances are that you would have 
KS io) oy-Walfe]a) mam iat-\-me (Mi al-mco]e)(e|\"] 
HelaCMiatelmagtel << Mim (ere) @emialelu(e) ay 
Specification actually dance! — I 
Power supply: 220 to 250V AC Lal fel efor tele) of) has an adjustable flash 
Average current consumption: 60mA @ 20Hz, 370mA peak rate from 2 to 20Hz, which ranges froma _ 
Flash frequency 2 to 20Hz ofo]¥] 0) [Mo] ifols at-t of -1gt Jere] gle (ele ete) at (e/a) 

pulse of the kind most sought afferby 
Ke] (ore \(-] (ml (e|fe{-melalekinare! |p 































































ions. More practical applications 
he observation of the angular 


= + known being the process of 
nining the crankshaft position of 
gine for adjusting ignition timing. 


from a suitable HT inverter 
provided with the necessary input 





mple in operation. Power is 
the 240V AC mains supply, 
1 fo limit the current into the 








ule has an on-board triggering 
fariable with time, where R1 and 
vide the varying time constant to 





Xenon tube 


4 x 25mm M3 eee 
Insulated spacers [FS39N] Potentiometer 


Box base 

















| TRI] is a ‘triac’, an AC form of an 
SCR (Silicon Controlled Rectifier). DI] is a 
‘diac’, a sort of dual-polarity Zener diode 
which has equal threshold voltage levels 
in either direction. When C2 has charged 
to a voltage level sufficiently high enough 
to exceed the threshold of DI1, Dll 
conducts quickly, discharging C2 into 
the triggering gate of TRI] and firing it, 
which in turn short circuits R4. This causes 
_ the charge on C3, originally derived via 
R3 and the primary of L1, to appear as a 
pulse across L1 primary (this is a capacitive 
discharge technique), which is then 
transformed up to a very high voltage 
at the secondary of L2. This is necessary 
in order to ionise the gas inside the flash 
tube locally at ‘W’. 

The ionised gas then becomes 
conductive allowing current from the 
charge stored in Cl to flow from the 

_ anode to the cathode of the tube at 

~ a@much lower voltage. The gas gives 

out a bright, white light. C1 then becomes 

discharged with the collapsing of the 

supply level, until the light output from 

the flash tube extinguishes and TRI] Turns 

off. The circuit will then be restored to its 

Original state, and, once the supply has 

recharged, is ready to begin another 

cycle. a 
The maximum rate at which the 

strobe can be triggered is mainly deter- 

mined by the time taken for the supply 

to regenerate the necessary voltage 

level across C1. Since the power supply 

input is full-wave rectified, then for a Bex Viewed Lem) Sie 

frequency of 50Hz, giving 100Hz peaks, 

the theoretical maximum flash rate will 

be unable to exceed 100H7, or less. The 

purpose of R1 is to allow Cl to discharge 

while the inout remains at 240V AC. 














Final assembly of the strobe. 








Construction 

Construction is quite straightforward 
since all components are mounted on 
one PCB. However, since the module is 
initially intended to be mains powered 
it is necessary to install it in a suitable 
insulated enclosure. 

To begin with, however, mount all the 
smaller components onto the PCB by 
fitting R2, R3, and R24, followed by diodes 
D1 to D4. Do make sure to orientate these 

_ correctly where the silver band at one 
end of the body of each aligns with the 
equivalent stripe on the PCB legend. Also 
fit two PCB pins at the mains inout marked 
‘220V AC’ (see Optional Parts List). 

Fit and solder the diac DII; it can be 
installed either way round. After this 
some of the larger components can 
be installed, namely C2, C3 and C1, 
followed by L1. Note that the design of 
this item may vary, and depending on 
its pin disolacement may fit the three- 
way layout in the round legend marked 
‘LI’, or the fourway layout identified by 
the rectangular legend. Only one trigger 
transformer needs to be fitted; the other 
- space remains empty. 

Fit the long, ceramic encapsulated 
resistor R1, supported by its wire leads 

3 to 4mm above the top surface of the 
PCB. This is to ensure that heat from this 
element does not damage the surface [> sen 
of the board when in use. Figure 3. Box drilling details. 
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Fixing screws for 
insulated spacers 


Box viewed from below 





Dimensions in mm 














_ ALTRI. whichhaso ee plastic | _ 


package with heatsink tab. The device | | 
is mounted vertically with the heatsink =| 


tab facing the side of the legend 


identified by double white lines. Lead | 


length above the PCBshouldbe sy 
approximately 5mm. The device does 
not require a heatsink to be fitted. 
Next the flash tube can be fitted — 
into the PCB, but first carefully bend its 


three leads to approximately 45° prior to 
insertion. The red spot at one side of the | 


tube must be inserted into the hole 
marked ‘+’ (+' and ‘-’ holes are 


a _ duplicated, whichever onescanbe _ 
_ used depends on the dimensions of the 


strobe tube supplied). The tube should 
lean out over the edge of the board to 
an angle of 45°, as shown in Figure 2. 
Also shown in Figure 2 are the mod: 
ifications to the leads of RV1, which 
should be bent to an angle of 90° as 


~ shown, and the whole component fitted 


into the PCE at the end opposite the © 
strobe tube. 

___ This completes assembly of the PCB, 
__ which should then be cleaned with a _ 


suitable cleaning solvent, and examined | 


for bad solder joints, solder bridges, etc. 
which should be rectified. 


Transparent lid 


’ Figure 4. Drilling the lid for the grommet. — 


4 Encasing the Mod ’ he 


involved he ele ser Wstbe 
fitted into a suitable enclosure. A water- 
-proof plastic box with transparent lid 


(Order Code YM938) is ideal and crriling | 


: details are shown in howe 3. ie lid is 


4, ‘through Which the spindle O 
protrude. _ 

It is also very important to erchet 
the device with a suitable fuse. For this 
purpose a panel mounting click catch 
style fuseholder (Order Code FA39N) is 


_ ea and wade creme ed | inthe | 


Strain relief 
grommet 


Fuse holder 


Heatshrink 
protection 


Fuse holder 
rubber boot 


Figure 5. Mounting the fuseholder and strain relief grommet. — : 


Dimensions in mm 


Rubber grommet 
[UX65V] 6.4mm 
Hole 9.5mm 


 +box, and this s 
| 1O0mA quicke 
Te) onde 


| _ as Figure ¢ The PCB p pins should be. 
_ Dele with CP32 heat shrink 


cl ace e iors 


| Strain relief called and fuse. 


Using the Module 


re high voltages! When using the 
strobe it is important to remember that 
mains voltage is present on the PCB, and 
also that the trigger pin of the strobe 


tube can have pulses (abeit of very 


short duration) of up to 3kV. We therefore 
strongly advise mounting the device on 


| M83 x 25mm insulated spacers (Order 
_ Code FS39N), see Figure 2, 


in the optional box described above, 


~ which is made from a tough thermo- 
plastic. The transparent polycarbonate 
lid allows the whole assembly including 


the xenon flash tube to be mounted 
inside, thus protecting it from physical 


impact and electrically isolating it from 
_ the outside world, yet allowing POM 
| light output. 


- Continued on page 52, 
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by T. A. Wilkinson 
Stereo Techniques 


Conventional ‘XY’ stereo recording is 
based around the common practice of 
using two closely matched microphones 
of the same type. The mics usually have 
a cardioid response, and are mounted as 
close together as possible, as a ‘coincident’, 
or ‘incident’, pair on a ‘stereo bar’, or 

T bar’, that is attached to a microphone 
stand, as shown in Photo 3. 

Ideally, the stand will be raised 2m to 
3m above floor level and placed a similar 
distance from the sound source. The 
microphone capsules are inclined towards 
each other at an angle of between 60° 
and 130°, and one should be set slightly 
higher than the other in order that 
neither mic shadows the sound from the 
other. The angle of incidence is dependent 
upon the width of the sound source, and 
as a rule of thumb, it could be said that 
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the wider the sound source the larger 
the angle of incident, and vice versa. 

In this set up, the two AKG C451 
condenser units are placed very close 
together, so the audio signal from the 
sound source reaches both microphones 
at almost the same time. As a result, 
there will be no appreciable phase 
difference problems. 

The output of the two microphones 
may be processed by a mixing desk, or 
routed direct to a tape recorder. If using 
a mixing desk, the microphones would 
obviously occupy two channels, and it is 
usual to ‘pan’ one of the channels hard 
left and the other hard right. However, 
there is nothing wrong with experi- 
menting with the pan-pot controls 
a little. Whilst this will not alter the | 
image width, it will have some effect 
on the subjective or perceived image. 
Of course, if both channels were panned 
centrally, a composite mono type (L+R) 
image would occur. 

If you were using a stereo pair to 















cover a very wide image, such as a large 
choir, the angle of incidence would need 
to be large, and probably around 120°. 
It is possible that this may give the 
effect of a very wide stereo image, or 
spread, with little or no information 
(effectively a ‘hole’) in the centre. To 
overcome this problem a third micro- 
phone could be added, which should be 
placed facing the centre of the image, 


- and somewhat lower than the stereo 


pair. Its output would be panned centrally 
on the mixing desk, and balanced so as 
to reinforce the central image without 
being overpowering. It is largely a 
matter of adjustment and re-adjustment 
to obtain a satisfactory result. 

In addition to using two totally 
separate microphones for stereo work, 
there are available special stereo micro- 
phones from various manufacturers. 
The concept is to house two closely 
matched, independent, transducers in 
a single body, with either an adjustable 
angle of incidence, or fixed, normally at 
90°. The adjustment, if available, is 
usually achieved by rotating one or more 
sections of the microphone body that 
contain the capsules, thus allowing the 
angle of incidence to be adjusted over a 
wide range. | 

To facilitate the setting up of the 
capsules, some manufacturers include 
a small LED in the rotating sections 
(powered by the phantom supply) which 
gives an instant visual indication of the 
angle of incidence and is particularly 
useful in darkened auditoriums. 

Other goodies available on serious 
stereo units include ‘MS’ matrices (more 
on this later), ‘LF’ filters, gain attenuators 
(pads) and switchable polar responses. 

_ Often the adjustment of polar response 
can be done remotely (by varying the 
relative polarising voltages on the 
condenser capsule elements) using a 
dedicated microphone control unit, such 
as that supplied with the AKG C422 
stereo microphone as shown in Photo 4. 

This particular unit (although now 
superseded) included options on the 
remote control unit for selecting cardioid, 
omni and figure of eight responses. The 
two upper sections of the body can rotate 
independently of each other to set the 
required angle of incidence. This is a 
superb unit capable of very accurate 
results, but at a cost, cheap at twice the 
price! 


MS Stereo 


Although conventional ‘XY’ stereo 
techniques produce good results, there 
is an alternative method of using two 
microphones, which can produce very 
flexible and quite astounding stereo 
images. 

‘MS’ (Middle and Side or Sum and 
Difference) techniques have a long 
history in the audio industry, but recent 
years have seen a return to a higher 
level of interest in this less well-known 
stereo technique. 

‘MS’ techniques have several 
advantages over conventional ‘XY’ 
methods. The most user obvious is the 
fact that the microphone signals can be 
manipulated in such a way as to allow 
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_ AKG C422 Stereo microphone and 
control unit. 


user control of the spread or width of 
stereo image. This minimises the time 
spent mechanically setting and adjusting 
microphone angles. A comparison of 
advantages, and disadvantages, of KY 
and ‘MS’ methods is shown above right. 

The term MS is used to describe the 
way in which the signals from the two 
microphones are combined, and how 
the resulting stereo image is derived 
by manipulating the ‘sum’ and the 
‘difference’ of the two microphone signals. 

Unlike conventional ‘XY’ stereo 
methods, ‘MS’ does not require the use 
of two closely matched microphones of 
the same type. Instead two microphones 
are employed with dissimilar polar 
response characteristics. Indeed, two 
units from different manufacturers can 
be used. The usual practice is to use one 
microphone, with a cardioid response 
(but any other polar type can be used), 
to produce the M (Sum or mono) signal 
and a microphone with a ‘figure of eight’ 
response to produce the S (Difference or 
stereo information) signal. 

These two units would be mounted 
one above the other, with the cardioid 
facing forward to the sound source, and 
the figure of eight sideways on and with 
its 90° ‘null’ point facing forward to the 
sound source. It should be firmly 
understood that the outputs of the two 


_ AKG C4515 used as a stereo coincident pa 
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Comparison of XY and MS Stereo Methods 


XY Stereo Advantages 
Simple and well documented. 


The left and right outputs of the stereo 
pair are directly available. Reasonable 
results are possible with the most basic 
of microphones. 


MS Stereo Advantages 


True mono signals are possible, as with 
no S signal added to the mix, only the 
M mic, which points forward to the 
sound source, produces an output. 


Stereo image width can be adjusted 
after the recording by simply varying 
the amount of S signal added to the 
mix. 


Because the stereo image is made up of 
two separate elements (M and S), it is 
possible to feed these down a pair of 
long wires such as telephone lines, 
without encountering serious phase 
related problems as may be the case 
with ‘XY’ signals sent down the same 
wires. 


microphones cannot be used directly to — 
produce a useful stereo image. Indeed, if © 
our two signals were recorded onto the 
left and right tracks of a tape recorder, 
and subsequently replayed directly from 
the tape recorders outputs, they would 
produce a rather strange and useless 
form of stereo. Thus it is necessary to 
use some method of combining the 
signals, by adding and subtracting, to 
produce useful stereo information. This 


adding and subtracting process is often | 


referred to as ‘MS matrixing’ or ‘MS | 
coding/decoding’. The basic concept of 


MS technique is illustrated in Figure 5. | i : 3 
"| between AY and MS’ output modes. 


Here the output of the cardioid mic 


producing the ‘MW’ signal is added in 


phase to the ‘S’ output of the figure of 

eight mic, this addition of ‘M+S’ produces 

the left part of the stereo signal. © 
Additionally, the ‘M’ signal is added 


Disadvantages 


True mono signals are not possible 
because neither mic points directly 
forward to the sound source, and both 
suffer off-axis frequency response 
coloration to direct sound source. 


Angle of recording (physical 
positioning), and thus image width 
must be set at the time of recording. 


Disadvantages 


Direct left and right signals are not 
available without some means of 
correctly combing M and S signals. 


Even the most basic of ‘figure of eight’ 
mics are not cheap. 


to a 180° phase shifted ‘S’ signal and 
the resulting ‘M-S’ produces the right 
part of the stereo output. The combin- 
ation, or matrixing, of the microphone 
signals « can be done in various ways, 

and at many stages of the recording and 
sins ect al For rong it is 


system, in ns providin " ad xy 
- (left/right) outputs. Using this type of 
ior ane means no other hardware 


The ‘M9’ outputs of the microphone 


| can be fed directly to the left and right 


_inputs of a tape recorder for recombin- 
ation and returned to stereo, by a mixer 
or decoder unit, at a later date. This 


OLeft Output 


ORight Output 


Inverter 
180° 


Figure 5. ‘MS’ concept ¢ 




















Figure 6. Circuit diagram of ‘MS’ decoder. 


allows the stereo image to be adjusted 
after the event, and takes away some 
of the pressure in tricky recording 


situations. However, it may be necessary — 


to monitor the microphone outputs to 
give some idea of how the end result will 
sound, and therefore some sort of ‘MS’ 
decoding unit needs to be used whilst 
the recording is in progress. 

Figure 6 expands the basic concept — 
to give a working circuit diagram of an 

_ ‘MQ’ decoder arrangement. It is intended 
for decoding material that has previously 
been, or is being recorded, as ‘MS’ 
stereo. The decoder unit is intended for 
insertion between the left and right 
outputs of a tape recorder, and the inputs 
of a mixer, or amplifier, for re-mixing, or 
monitoring purposes. 

The ‘M’ signal is fed to unity gain 
amplifier IC1 and then sent via level 
control RV1 to the mix bus of the left _ 
output amplifier. Also, a buffered feed 
of is sent, via R11, to the mix bus of the 
right output amplifier. 

Now the ‘S’ microphone signal is split 
and fed to the inputs of IC2a and IC2b, 
the outputs of these ICs (which are 
opposite in phase) are fed, via dual pot 
RV2, to the mix buses of the left and 
- right output amps respectively. The final 

output of IC3a is composed of ‘M+S’, and 
is therefore the left output, whilst the 
output of IC3b comprises of ‘M-S’ and 
is thus the right output. 

Varying the level control of the ‘M’ 
amplifier, RV1, adjusts the overall level 
of the output signal. However, adjusting 
the ‘S’ level controls (which must be 

operated together to give exactly the 
same amount of gain, and is therefore 
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Left output 
(M+S) 





a dual pot) actually alters the width, or 
spread, of the stereo image. : 
It should be obvious that with the ‘S’ 
gain controls at minimum, i.e. no ‘S’ 
signal, the output will be a pure true 
mono signal. Increasing the ‘S’ gain 





controls gives difference information, and 


thus produces a variable stereo output. 
The circuit of Figure 6 is intended to 
operate with line level signals (nominally 
Odbu), and is presented here to directly 
interface with unbalanced inputs, and 
outputs, normally found on semi- 
professional equipment. It is quite 


_ straightforward to balance the inputs, 


and outputs, of the circuit in order to 
interface with balanced equipment, and 


_ the methods described in Part One of 
_ this series should be implemented if 


required. 


Circuit Detail 

With the values shown in the 
component list, each signal input has an 
impedance of at least 20k, and should 
not present any significant load to its 
source. All op amps must be low noise 
types, such as NE5534 for IC1 and © 
NE5532 for IC2 and IC3. 

_ It should be noted that some 
components have been given arbitrary 


values, and so some experimentation 


and adjustment may be required to 

achieve optimum results from the 
circuit, but that is what electronics is 

all about isn’t it? | — 

As shown, the circuit is intended _ 
for dual supply rail operation using two 
QV batteries, as detailed in Figure 7. 

As the circuit draws less than 30mA, 
two alkaline cells would provide a 
considerable operating period. If a mains 
power supply is to be used, then it must 
be fully smoothed and regulated, with 
ample supply line decoupling in order to 
maintain the benefits of using decent 
low noise op amps. _ 

The circuit could be modified, in the 
usual way, to run with a single supply 
rail, and if so required, then I would sug- 
gest a minimum supply voltage of +15V. 


DP On/Off Switch 
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Figure 7. Dual rail battery supply using 
alkaline PP3 cells. 





MS and Mixing Desks 
Using a mixing desk with balanced 
inputs, the two microphone signals can 
be routed, unchanged, in the normal 
way to their respective inputs. The 
necessary matrixing process, and 
subsequent mixing to stereo, being 
carried out in the mixer itself, prior to 
being fed to a tape recorder, or broad- 
casting link. The two microphone 
signals will occupy three channels on a 


mixer. The cardioid output being fed to 


one channel with its pan-pot control set 
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centrally and the figure of eight output 
will be split, and fed in-phase to one of 
the remaining two channels and 180° 
out-of-phase to the third channel. The 
latter two channels would have their 
pan-pots shifted hard left and hard 
right respectively. In addition, the fader 
controls of these two channels should be 
‘ganged’, (i.e. must be operated together) 
to give exactly the same amount of gain. 

If the mixer has balanced inputs, it is 
quite easy to produce the required 180° 
of phase shift by reversing the relative 
phase at the microphone input connector. 
This can be done by taking a parallel 
feed of the ‘S’ mic cable, as shown in 
Figure 8. The necessary phase reversal 
is achieved by simply reversing the ‘hot’ 
and ‘cold’ legs (pins 2, 3) of the balanced 
pair at the input XLR connectors of 
channels 2 and 3. 

If the mixer used does not have 
balanced inputs, it will be necessary to 
invert the input to channel 3 in some 
way — although some mixers have a 
phase invert button to do this for you. 


Operation 


With the phase reversal process 
complete, the manipulation of the audio 
signals is carried out using the mixer 
fader controls. The fader which carries 
the ‘M’ signal, from the cardioid, has 
control of the overall level of the final 
output, and so opening up this fader will 
give an overall increase in level, and vice 
versa. 

The two other faders, when operated 
together, have the effect of actually 
changing the size or width of the stereo 
image. Increasing the gain, by opening 
up these faders, widens the stereo 
image, whilst doing the opposite reduces 


M 
Mic 
cardioid 


Three channels of mixer 
with balanced inputs 


the width. In use, there are practical 
limits to this, and too much gain would 
give a very wide image and unnatural 
sounding stereo, conversely, too little 
gain would result in the greater level 
of the single cardioid giving a 
predominantly mono signal with little 
difference information. 

Experience has shown that allowing 
the ‘S’ signal to be 4dB to 8dB below 
that of the ‘MW’ signal givesea-well 
detailed stereo image, but the problem 
here is that of how to monitor this 
accurately. | 

In Part One, we looked at PPM 
meters. One of the types discussed 
briefly was the twin pointer M+S meter, 
and it is this unit which can be used 
as an effective tool for the purpose of 
inspecting stereo images. The unit has 
inputs for the left (A) and right (B) 
elements of a stereo signal. Internal 
electronics take care of the summation 
and differentiation of the two signals 
and driving the meter movements, one 
pointer displays the sum (A+B) and the 
other pointer displays the difference (A- 
B) of the two inputs, thus due to the 
simple PPM scale, (one division = 4dB), 
it is very easy to establish and control a 
4dB to 8dB level difference between the 
‘Mand°S' signals. _ 

Like many other aspects of micro- 
phone technique, experimentation is the 


key, and practice makes (almost) perfect. 


If used with care, the ‘M+S’ technique 
can produce astounding results. The 
sheer opulence of having a fingertip 
control of the stereo image should 
persuade you that this system is worthy 
of anybody’s time and investigation, 
facilities of course, permitting. 


5 XLR inputs 


O Left out 


O Right out 
M—S 





Figure 8. Using ‘MS’ with a mixer - the ‘S’ signal is split and fed to inputs 2 and 3, with 


phase reversal at the input to channel 3. 
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Multi-Microphone 
Set Ups 


There are situations such as large scale 
recording and broadcasting work which 
demand the use of dozens of micro- 
phones to secure a satisfactory result. An 
orchestra would require maybe 30 to 40 
microphones in order to mike-up each 
instrument — the drum kit alone would 
gobble up at least seven (kick drum, 
snare, 2 x toms, hi-hat, 2 x overhead)! 
Of course, this does not mean that a 
multitrack tape recorder is necessary to 
record them on, indeed some situations 
of this kind are often mixed down 
directly to stereo and recorded on only 
two channels of a tape recorder or trans- 
mitted as a live stereo broadcast. 
Certainly what is required is a 
sufficient number of channels on a 





% 


‘Miking up’ a drum kit. 


mixing desk to handle all the micro- 
phones separately, thus permitting a 
great deal of control and balance of the 
overall sound. — 

The governing factor when choosing 
microphones in large set-ups is not so 
much based on ideals, but more often a 
case of what is available. If funds were 
unlimited, then there would be no 
problem, but this is usually not the case, 
and a sound balance engineer would 
have to choose what to use where, based 
on experience. 

He may have at his disposal a range 
of units to suit particular instruments, 
and if so, it is likely that these would 
be deployed first and the remaining 
instruments miked-up with whatever is 
left over! What is desirable is to try and 
be consistent with specific groups of 
instruments, and use the same type 
of microphone for each of the strings, 
brass, woodwind etc. 

Once the deployment of microphones 
has been finalised, the placing, wiring, 
checking and fine tuning of these can be 
very time consuming, and occasionally 
laborious, but is very necessary, and will 
save problems arising during the 
performance. 

Fortunately, most musicians are more 
than used to the distractions of micro- 
phone adjustment during rehearsals, 
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and turn a deaf ear to the often distorted. | 
and unintelligible, instructions emanating |— 


from the loudspeaker of the on stage 
walkie-talkie! 
Photo 5 shows a forest of microphones 


mounted on stands, waiting to be placed © 
during the recording (for subsequent __ 


_ re-broadcast) of a ‘big band’, with a live 


_ audience in attendance. The venue was © 
avery large sports hall at a leisure 
centre, this presented massive problems | 


with serious natural echo and long 
_ reverberation times. It was necessary to 
mike-up each instrument, individually, 
and as closely as possible, in order to 
exclude much of the reflected sound in 
an effort to get a clean(ish) recording. 
However, the fact that there was a 
live audience meant a PA system had 
to be used, mainly for the vocalists. Add 
__ to this, a foldback system for the band, 
and things get more difficult, and less 
controllable, and careful mic placement 
_is vital. Standing two thirds of the way 


the venue. 


_ A seasoned recordi 





down the leet of the sports hall, the 











With all L iceoohinas then isa a good, 


and not so good, way of using them, _ fi 7 
while there may be some obvious do’s = / _ 





and don'ts, it is largely a matter « of 
experience as well as trial and error. 








particular sound source. He, or she, may 


- need to fiddle around only a little to _ 
optimise its performance. __ 


The following guidelines may - of 
help when placing and uBi ag micro-— 
phones. _ 

1. Be familiar with a microphones | 








ng engineer will 
a pretty good idea of where to pacea 
| particular microphone for use with a 





‘sound. eve pI } neh ¥ : 
| - easily damaged than a condenser type. 


sound was an awful mixture of direct, _ microphon 

and many reflected sou1 \ds. But the end | 38.Don 
| result was a quite acceptable recording, | (!) and let yo 
| Hee the restrictions i im poset by |. & ont 


n miking zp eee sour es | 
sources sl ch. as kick drum or PA cabinets a 
aad ney be i 











8. Condenser mics can die 
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Stroboscope Module continued from P47. 
STROBOSCOPE MODULE PARTS LIST 


RESISTORS 

R2-4 100k ’4W 5% 
RI 8202 10W 
RV] 470k Pot 


CAPACITORS 

Ci 1OuF 350V 
C2 10uF 40V 
C3 1OOnF 400V 


SEMICONDUCTORS 
D1-4 1N4007 

DI] DA3 Diac 
TRII TC226 Triac 


MISCELLANEOUS 


LI Trigger Transformer 


TUBE Xenon Strobe 


PCB 


Instruction Booklet 


OPTIONAL (Not in Kit) 
Pin 2145 


Clear Waterproof Box 1 





In next month’s super issue of 
‘Electronics — The Maplin Magazine’, 
there are some really great projects 
and features for you to get your teeth 
into! The September issue is on sale 
August 6th, available from Maplin’s 
regional stores, and newsagents 
countrywide, and of course by sub- 
scription (see page 57 for details). To 
whet your appetite, here’s just a taster 
of some of the goodies on offer: 


i... rtiss 
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1 Pkt (FL24B) 


(YM93B) 


15-CHANNEL INFRA-RED 
REMOTE CONTROL SYSTEM 


This versatile device allows 15 chan- 
nels to be independently controlled 
without leaving your chair — great for 
the disabled, or for those days when 
the work’s been real heavy! Four 
switching options allow the unit to be 
used for a wide variety of applications, 
and there are even two ‘memory’ 
functions, used for storing often-used 
output combinations. 


MULTI-PURPOSE 555 TIMER 


The 555 timer is an incredibly useful 
little device which crops up in many 
applications. The Multi-Purpose 555 
Timer Card, a companion general- 
purpose educational project to the Op 
Amp Card featured in this issue, 
allows you to get to grips with many 
of these. Apart from the basic astable 
and monostable modes of operation, 
edge triggering, initiation by supply 
and pulse width modulation are all 
discussed. 


‘theoretical response patter nS. 


Insulated Spacer M3 x 25mm 


Knob K7B 


Heat Shrink Sleeving CP32 


Fuseholder 14in. 
Fuse 100mA 1 in. 


Fuse Holder Insulation Boot 


Grommet F31 

Twin Mains DS Cable 
Conformal Coating 
PCB Cleaner 
Grommet 6:-4mm 
Constructors’ Guide 





1 Pkt (FS39N) 
(VX02C) 
] (BF88V) 
] (FA39N) 
(WROBJ) 
(FT35Q) 
] (LIR47B) 
A (XR47B) 
TOE) 
45) 
(JX65V) 
(XH79L) 


s Req 
1 
| 
1 
1 


The Maplin *Get-You-Working’ Service is available for this 
project, see Constructors’ Guide or current Maplin 
Catalogue for details. 

The above ifems (excluding Optional) 
are available in kit form only. 

Order As VE52G (Strobe Module Kit) Price £14.95 
Please Note: Some parts, which are specific to this project 
(e.g., PCB), are not available separately. 


GLOBAL CLIMATIC CHANGE 


It is a universally-acknowledged fact 
that the Earth’s climate is changing — 
and it is similarly recognised that it is 
important to understand these 
changes, and the mechanisms that 
drive them. Both are looked at in a 
special feature by Douglas Clarkson. 


SSM2017 MICROPHONE 
PREAMPLIFIER 


The SSM2017 IC, at the heart of this 
project, is a latest-generation audio 
preamplifier. It features very low 
noise and distortion, wide bandwidth 
and high slew rate. This project is 
suitable for use with both balanced 
and unbalanced microphones, 
although a decent-quality balanced 
microphone is likely to bring out the 
best in this preamplifier. 


VALVE TECHNOLOGY 


Graham Dixey’s superb series on the 
wonders of thermionic technology 
continues with an in-depth look at the 
practical design of triode amplifiers. 





The E510 IC is a versatile MIDI 
keyboard scanning IC, which can scan 
up to 128 keys, and is velocity sensi- 
tive. Possibly the best thing about it is 
that very few extra components are 
required! The article describes a 
‘building block’ project designed 
around the E510, and explains how it 
can be used in many applications — 
including a MIDI master keyboard. 


Continuing with his two-part review 
of currently-available satellite receiv- 
ers, Martin Pipe looks at the Echostar 
SR-50 and TechniSat ST-6002S re- 
ceivers, which are primarily intended 
for the ‘multi-satellite’ market. 


Plus of course there’s all the 
usual features for you to enjoy! 


‘ELECTRONICS - THE 


MAPLIN MAGAZINE’ 


BRITAIN’S BEST SELLING 
ELECTRONICS MAGAZINE 
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ignition system of a Mini. 











from the low-tension primary side of the 
ignition coil. Wherever a mechanical 
switch (the points) is used, the substan- 
tial back EMF from the coil primary has a 
habit of bridging the breaker gap (which 
is very small at the actual moment when 
the current flow is broken), instead of 
bridging the sparking plug gap on the 
HT side. This has always been a problem 
and is solved (by compromise) by adding 
a capacitor in parallel to the switch 
(‘condenser’ is just an old-fashioned 





Figure 1. Circuit diagram. 


Figure 2. Box drilling details. 
04 








name for a capacitor). 

With this in place, when the switch 
opens the coil primary is not allowed to 
reach a voltage high enough to bridge 
the breaker contacts until it has charged 
the condenser, by which time the breaker 
gap is too wide to be bridged by such 
an arc. Unfortunately, this also ‘softens’ 
the pulse generated by the collapsing 
magnetic field in the coil, so the HT 
output is less than might otherwise be 
possible. It is also aggravated by badly 


All dimensions in mm 


Hole Data 
DS.5 





mating contact surfaces which do not 
break cleanly. Some, albeit minimal, 
arcing still takes place and this damages 
the surfaces, requiring periodic replace- 
ment and readjustment. 

‘Transistor assisted ignition’ still makes 
use of the ‘conventional’ mechanical 
timing switch (the contact breaker 
points), but this means that, as well as 
providing a faster switching speed and 
more energy to the spark, it places less 
wear on the points because the arcing 
factor is removed, and so keeps the 
engine in tune for longer periods. 
Remaining wear is purely mechanical 
and cannot be completely ignored, but 
the situation is considerably improved. 


Circuit Description 


The circuit is of very simple design and 
is specifically intended to be driven from 
a contact breaker source. A circuit dia- 
gram is shown in Figure 1. Here, the 
(vital) coil switching function is taken 
over by T2 from the breaker points. 
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Although T2 is a high voltage device, 
which usually means that its current gain 
is not very great, it is also a Darlington 
configuration and so is biased on 
comparatively easily by paralleled bias 
resistors R5 to R7. The function of these 
is to keep T2 ‘on’ with the minimum Vcr 
during the coil’s required ‘dwell time’, 
bearing in mind that the current sink is 
typically 4A. 

During this time T1 is ‘off’ since its 
bias path via R1, R2 and R3 is defeated 
by the input pin ‘2’ being effectively 
grounded by the contact breaker. In this 
situation a current of some 90mA flows 
from R1 and R2 to give the contact 
breaker ‘some work to do’ and maintain 
electrical continuity through the 
contacts. 

An input threshold of sorts is provided 
by the combined diode junctions of D1, 
D2 and the base/emitter of T1. When the 
contact breaker opens, the voltage at pin 
‘2’ must exceed 2V before T1 begins to 
conduct, which it then does sharply 
because of the logarithmic behaviour 
of the combined diode junctions as 
conduction is established. This helps to 
speed up the transition from OV to +V 
from the contact breaker, if necessary. 
T1 then ‘clamps’ the bias for T2 to OV, 
shutting off T2. 

As already mentioned, there is an 
appreciable pulse generated by the coil 
primary at switch off, and is in reality a 
smaller scale image of what’s happening 
at the HT side. This pulse, though of very 
short duration, is typically up to several 
hundred volts and will endeavour to 
destroy T2 if allowed (regardless of how 
high a Vcr it may have). ZD1 and ZD2 
are provided to protect T2 from this over 
voltage, which also involves D3. The 
arrangement forces T2 itself to limit the 
maximum voltage drop across its own 
collector and emitter. Rated at 150V 
each, the two Zener diodes make T2 
hold the initial coil pulse down to 300V 
(always positive polarity). D3 blocks the 
Zener current to prevent it being shorted 
to OV via Tl, and redirects it to T2 base. 
D4 protects Tl against any reversal 
communicated back via ZD1, ZD2 and 
D3 due to the coil ‘ringing’. 


Construction 


More detailed construction is provided 
in the leaflet supplied with the kit, but 
the following notes will be helpful. It is 
probably best to mount the smallest 
components first, beginning with the 
diodes. Be careful to ensure correct 
polarity; the white stripe on the body 
must align with that on the PCB legend. 
Four of these diodes have black cylindrical 
bodies; the two Zener diodes may be 
‘bead shaped’, in which case the black 
end must align with the stripe on the 
legend. 

The two small resistors can be 
mounted next (R3 and R4), followed by 
the larger resistors. Transistor Tl can be 
fitted next, noting that the tab at the base 
of the metal case identifies the emitter 
lead, and must align with that shown on 
the legend outline. Capacitor Cl should 
be fitted flat against the PCB. 

Transistor T2 must be mounted above 
the PCB, its metal heatsinking surface 
parallel to it and held with an insulating 
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spacer, so that it can be affixed toa 
finned heatsink (provided), also parallel 
to the board. Details about bending the 
transistor leads to fit are explained in the 
leaflet. The device must not be soldered 
in position until the mechanical fixing is 
completed (at least temporarily to set 
the position). Heat transfer compound 
must be used, on both sides of the mica 
insulator. Be very careful with this 
transparent mica material, it is very 
brittle. If only the heatsink is to be fitted 
(see below), this can be completed now, 
with the nylon shoulder washer pushed 
through from the outside, together with 
the long fixing bolt. The bolt is then fixed 
with the nut on the track side of the PCB. 
The mica insulator must not move and 
expose the metal tab to come in contact 
with the heatsink during this operation. 
Only then can the transistor leads be 
soldered into the board, once its accurate 
position is established. 


Case Preparation 


Before installation commences, all of the 
solder joints should be checked and the 
device should be built into a suitable 
box with some connection leads. We 
recommend one of our small diecast 
boxes (LH70M). This box is big enough 
to house the PCB, but the heatsink must 
be mounted on the outside of the box. 
Figure 2 shows the lid drilling details 
and where four holes can be drilled in 


Figure 3. How to install the module in the box. 





one end of the case for the wires, which 
should be colour coded as follows: 

1 Red (+V), 2 Black (Input), 3 Blue 
(Output), 4 Green (OV), where the 
numbers correspond to the numbered 
connections shown in Figure 1. These 
wires should be type 3202 (XR32K etc.) 
which are identical to typical automotive 
wiring gauge, and which will fit push-on 
Lucar style connectors. 

Additional screws should be used to 
hold the heatsink in place on the lid (it is 
provided with two extra mounting holes), 
and the mica insulation should be placed 
in between transistor T2 and the inside 
surface of the box lid. Refer to Figure 3. 
Note that, because of the added thick- 
ness of the heatsink and the lid together, 
the shoulder insulating washer may not 
reach all the way through to the transistor 
mounting tab hole. In this event it may be 
a good idea to extend it with a very short 
piece of suitably sized plastic sleeving 
pushed on below it over the mounting 
bolt; this will improve electrical isolation 
between the transistor tab and the case. 
Achieving good insulation can be a 
problem with this kind of circuit where 
high voltage pulses are involved. 

The spacer is still used as shown in 
the leaflet diagram to hold the transistor 
above the PCB, as described above, and 
this will actually support the PCB on the 
lid. Also apply silicone rubber sealant 
to the screw holes prior to fixing 
permanently (see below). 


Heatsink 


<9) 








To decide how long the different 
leads need to be, you first have to 
establish where the amplifier will be 
fitted in the car in relation to the ignition 
coil and/or distributor body. Allow for 
generous lengths of wire which can be 
trimmed later. Strip and insert the four 
wires into the four PCB holes in the order 
‘1’ Red, ‘2’ Black, ‘3’ Blue, ‘4’ Green. If 
the holes are not quite big enough drill 
them out to ’/.sin. or use PCB pins. This 
done, thread the four wires through the 
four holes in the end of the case body, 
prior to attaching the lid. 

At this point it may be a good idea to 
carry out some pre-final installation tests. 
If a 12V source and ohmmeter are to 
hand, power up the unit (‘+’ to Red wire, 
‘’ to Green wire) and check for continuity 
on the lowest ohms setting between the 
Blue and Green wires (positive from the 
multimeter must be to the Blue wire; 
most often this is the black test lead). 
Initially the meter should show infinite 
resistance. | 

Upon temporarily connecting the 
Black wire (input) to OV (battery ‘—’ 

T2 should switch on, as seen by a low 
resistance reading on the meter. 

The biggest problem with anything 
electronic when fitted to a motor vehicle 
is to do with the harsh environment, 
mainly damp and extremes of temper- 
ature. Hence, before fastening the lid it 
is a good idea to apply some silicone 
rubber sealant around the cable exits 


All dimensions 
Hole Data 
A = @3.5 


in mm 








Figure 5. Connecting diagram for installing the transistorised ignition module. 


and around the lid’s edge. (The lid is 
lipped to aid sealing.) This will inhibit 
the ingress of moisture. Also apply the 
sealant to the lid’s screw holes. Other 
precautions can include spraying the 
board with PCB laquer or conformal 
coating prior to installing in the box. 

Of course a box does not have to be 
used, the device could be solidly encap- 
sulated in potting compound, but this 
has the disadvantage that it is virtually 
impossible to make any modifications 
or repairs after the resin has set, should 
these be required. Also we do not 
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Figure 4. Connecting diagram of typical original contact breaker ignition. 
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endorse the leaflet’s further suggestion 
that the module could remain exposed 

to the open-air but be covered in two 
layers of sprayed-on lacquer, this is not in 
reality adequate protection. 


Installing 
the Finished Unit 


Now it’s time to actually install the 
complete unit into the vehicle. Firstly 

a suitable position needs to be located. 
This should be either under the bonnet 
or under the dashboard, but it must be 
noted that the device may get warm so 
it must be in an open, well ventilated 
area. If installed under the bonnet then 
avoid placing it somewhere immediately 
adjacent to the exhaust manifold, for 
example. 

On Nigel’s Mini it was decided to 
mount the ignition ‘piggy-back’ on top 
of the coil, this was partly because of the 
lack of space, and because it was near 
to all of the places that the wires had to 
be run to. It was attached to the coil by 
means of two plastic tie wraps (the 
completed unit is very small and light). 


Now to Connect 
the Wires! 


Firstly you need to disconnect the 
‘condenser’ and the lead joining the 
contact breaker ‘live side’ to the coil 
‘~’ terminal. The condenser is usually 
situated outside on the casing of the 
distributor (but may be inside under 
the distributor cap), and it is usually 
connected by means of a plug and 
socket or bolt arrangement which also 
shares the coil connection. Figure 4 
shows this in a typical contact breaker 
ignition system. 

Next, find a suitable connection to 
ground; this is usually any substantial 
bracket or piece of metal work. Pin ‘4’ 
should be attached to this which we 
have colour coded with the Green wire 
(marked ‘GROUND’ in Figure 5). If con- 
necting to a fixing bolt of some descrip- 
tion then the wire needs a suitably sized 
crimped-on tag washer. Very important: 
remove all traces of rust and paint where 
the connection is to be made. 

Connection ‘2’ (Black wire) is to be 
taken to the distributor (to where the 
condenser was attached at the contact 

Continued on page 59. 
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Ignition Amplifier continued from page 56. 


breaker connection), and connection 

‘3’ (Blue wire) must go to the low tension 
side of the coil (‘—’ terminal) that was 
previously connected directly to the 
distributor (a multimeter set to the 
continuity or low ohms range can be 
used to trace this through). The final 
connection ‘1’ (Red wire) is toa 
convenient supply terminal which will 
be active when the ignition switch is 
turned on; the most convenient to use 

is the other low tension side of the 
ignition coil (‘+’ terminal), which is the 
positive supply to the device. In this 
instance a ‘piggy-back’ Lucar push-on 
connector will be useful for reconnecting 
the existing supply lead. The original 
interconnecting lead which connected 
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Then why not ask your friendly local Newsagent to reserve or deliver 
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%* Are you fed up with braving the onslaught 
of wind, rain and keep fit fanatics in your 
ceaseless quest to find a copy of your 
favourite electronics magazine? 


Do you say to your family and friends, 
“I’m just going outside, | may be gone 


Does your dog hide when you return empty 


Do you resort to reading the Beano, Dandy, 
Viz or other well known ‘comics’? 


the contact breaker to the coil ‘—’ side 
may be entirely removed if separate 
(and kept in a safe place), or if part of 
the wiring loom of the car the free ends 
should be tied out of the way. All Lucar 


connectors should have insulating covers. 


The Module in Use 


Once all is finished and double-checked 
for correct connections, it should be 
possible to start and run the engine. 
Once the contact breaker adjustment 
and ignition timing is correctly set, the 
breakers themselves should keep to this 
setting for longer as the surfaces are no 
longer eroded by the arcing action. This 
just leaves mechanical wear, for which 


readjustment (and ultimate replacement) 
is required less often. Don’t forget 
however, that the rest of the system must 
also be in a reasonable state of health as 
regards condition and setting of spark 
plugs, HT leads and distributor cap. 

In use the device was found to have 
improved the cold starting of the car so 
that the choke is not used for as long as 
it was before. Also there seems to be an 
improvement in the way the car accel- 
erates up hills and pulling away from 
stand still. 

Most importantly there is a detectable 
increase in fuel economy and the engine 
responds quicker than it used to. If you 
don’t believe all of these claims, fit one 
and see for yourself! 


The Maplin ‘Get-You-Working’ Service is available 
for this project, see Constructors’ Guide or 
current Maplin Catalogue for details. 
The above items (excluding Optional) 
are available in kit form only. 

Order As VEOO0A (Ignition Amplifier Kit) Price £12.95. 
Please Note: Some parts, which are specific to this project 

(e.g., PCB, heatsink), are not available separately. 
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ln Parts Four and Five of this series, 
| we looked at how to uprate existing 
™ or obsolete satellite receivers. Before 
we move on to that most ‘obvious’ 
piece of domestic satellite reception 
hardware, i.e. the dish, it is probably 
~worth looking at some of the various 
types of satellite receiver currently on 
sale — particularly valid if you want to 
‘start from scratch’, want all the ‘bells 
and whistles’ that your existing receiver 
doesn’t have, or simply want features 
that aren’t covered by our modified 
equipment. We have decided to look at 
four receivers — two this month, two 
the next — all of which are different, and 
so fulfil a slightly different user need. 
This month we will look at a pair of 
IRDs (Integrated Receiver-Decoders). 
The Pace MRD920 is a full-feature 
PAL/D2MAC receiver, complete with 
Eurocrypt decoding facilities and MAC 
teletext. Pace Micro Technology will be 
familiar to many ‘Electronics’ readers 
through their range of modems, which 
are produced at their Shipley plant, 
together with the satellite receivers that 
have been taking an ever-increasing 
share of the company’s business since 
1987. Mimtec, however, may not be 
quite so well-known — although the 
company carries out a lot of contract 
assembly work for none other than Big 
Blue — yes, IBM. This company have 
manufactured a well-received range of 
receivers since 1989, the Premiere 2 
reviewed here being the latest, and 
one of the new breed of ‘mass-market’ 
satellite receivers capable of much 
more than Astra can throw at it. And 
yes, the Mimtec is also equipped with 
a decoder; instead of the Pace’s 
Eurocrypt, however, the more familiar 
(in the UK at least) Videocrypt circuitry 
is provided. Interestingly, the Mimtec 
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Premiere 2 features a ‘unique patented 
interface’ to improve the much-criti- 
cised (myself included!) Videocrypt 
picture quality. And did it? Read on 
and find out. The dishes used were 
an 80cm solid offset dish with 1:3dB 
voltage-switched LNB for the Astra 
channels (19-2°E), an ex-BSB 35cm 
compact dish for the French D2MAC 
DBS channels (19°W), and a 
motorised 1-2m offset dish with triple- 
band LNB for the rest. 


Pace MRD920 (and 
MSP990 Positioner) 


We start with a look at this compre- 
hensively-equipped 99-channel 
receiver, since its superficial similiarity 
to the Trac/Ferguson (ex) BSB receiver 


gives us a Suitable frame of reference. 
OK, so the Trac system costs are a 
fraction of that of the Pace, but that 
is more a positive side-effect of the 
collapse of BSB than anything else. 
Nevertheless, the Pace receiver offers 
significant advantages over the Trac 
system — as one would expect from 
the price difference. But there are also 
significant disadvantages, which we 
will discover later. The receiver is a 
fairly small box, some 58 x 360 x 
200mm, into which is crammed some 
fairly advanced electronics. The use of 
a switch-mode power supply dis- 
penses with the bulk and weight of a 
conventional mains transformer. In 
addition, surface-mount components 
are extensively employed, and the 
tuner/demodulator — the unit at the 
heart of the satellite receiver — is tiny 
compared to those hitherto experi- 
enced by the author. The main PCB, 
out of interest, is that of the SS9200 — 
an extremely well-regarded Astra IRD. 
Full marks to Pace for variety reduc- 
tion, which helps to keep costs down. 
Instead of the Videocrypt decoder 
daughterboard, however, is the MAC 
decoder — based, like that of the 
Ferguson BSB receiver, on an ITT 
chipset. On the review sample an extra 
sub-PCB, available as an option, was 
present. This enables magnetic or 
electromechanical polarisers to be 
controlled; the skew can then be pro- 
grammed per channel. Unless you 
want to use this system with just Astra 
(and possibly an old Squarial to provide 
the German or French DBS channels), 
the extra cost (a mere £30) is worth it 
for the added flexibility — this is par 
ticularly valid if you intend the use the 
receiver with its matching MSP990 
positioner. Because the satellites are 
arranged in an arc in the sky, the 
absolute polarisation sense of each 
transponder will depend on its satel- 
lite’s position on the arc. For example, 
a vertically-polarised transponder on 
Intelsat VI-F4 will differ significantly in 





The Pace MRD920 (top), and the Mimtec Premiere 2 (bottom). 
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polarisation sense from a vertically- 
polarised transponder on, say, Astra. 
This is why variable polarisation — 
known as ‘skew’ — is essential for 
multi-satellite systems — a voltage- 
switched LNB, for example, can only 
be set up for one satellite, and satellites 
significantly further away on the geo- 
arc will be brought in with weaker sig- 
nal strength, and there is a possibility 
of interference from channels of the 
opposite polarity. The fact that the skew 
(and hence the exact angle of polar- 
isation) can be set per channel is 
extremely useful — particularly with 
magnetic polarisers, where the amount 
of current required depends not only on 
the satellite’s position and the polarity 
of the received signal, but also on the 


transponder’s frequency. For example, — 


a horizontally-polarised Telecom-band 
transponder on Eutelsat II-F1 requires 
a slightly higher polariser current than 
one of its FSS-band counterparts. 
Many dedicated multi-satellite 
receivers still insist in allowing only 
two skew settings (i.e. vertical and 
horizontal ‘compromises’) to be pro- 
grammed for each satellite, but the 
MRD920 is a great deal more flexible 
— and this is interesting when you con- 
sider that the MRD920 is not marketed 
as a multi-satellite receiver per se. 
Another recommendation is to buy, 
if you’re interested in this receiver, the 
version with two LNB inputs; this 
enables, for example, a main dish 
(motorised or Astra-only) to be con- 
nected to one input, and a second dish 
which could, for example, be aimed at 
Eutelsat Il-F1, or a redundant BSB aer- 
ial for the high-powered DBS cluster 
at 19°W. Unfortunately, the IF tuning 
range is a limiting factor — many mod- 
ern receivers will go as far as 
2050MHz, but the MRD920 will stop at 
1750MHz. As a result, there will be a 
‘hole’ in the DBS band when this unit 
is matched with the triple-band type of 
LNB that is ideal for use with a receiver 
of this type. This is where the old BSB 
aerial comes in; the gap in coverage is 
most noticeable with those high-pow- 
ered European DBS satellites at 19°W. 
Triple-band LNBs split the FSS 
(‘normal’), DBS and Telecom bands 
into two frequency ranges — the first 
covers the FSS and half of the DBS 
band; the other half, together with the 
Telecom band, is covered by the 
second range. The two ranges are 
switched using the LNB supply voltage 
(in the same way as the polarity of a 
Marconi-type LNB is controlled). Used 
with such an LNB, the MRD920 will 
tune up as far as 11-70GHz — the end 
of the FSS band. The lower portion of 
the DBS band, upon which (ironically) 
many MAC channels lie, is sadly out of 
reach. The AFC of the receiver will, 
however, ‘pull in’ MCM — the fabulous 
French pop music channel located at 
the beginning of the DBS band — with 
the dish aimed at the 19°W DBS clus- 
ter. Most receivers, out of interest, will 
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do this with standard LNBs — multi- 
satellite system owners take note! 

An additional LNB input and a 
polariser controller may be options, but 
(thankfully) standard is the provision of 
three SCART sockets (one for the TV, 
one for an external decoder and/or 
MSP990 positioner, and one for VCR). 
There is also a pair of phono sockets 
for the audio outputs, so that the 
MRD920 can feed a Hi-Fi system. Of 
course, there are the obligatory aerial, 
RF output (tunable over a wide range, 
from ch. 30 to ch. 45) and mains input 
socket. What is lacking, though, is a 
S-VHS output socket, more of which 
later. 


Driven by a comprehensive on-screen 
menu/submenu system (similar to that 
of the Trac/Ferguson system), the 
MRD920 proved easy to use. All para- 
meters, apart from standby and preset 
channel selection, are controlled in this 
way and via the remote control — with- 
out which you’re lost! Video and audio 
frequency tuning aside, you can con- 
trol the MAC picture (contrast, colour, 
brightness), MAC audio (volume, back- 
ground/main sound balance), PAL 


The Pace MRD920. 


Inside the Pace MRD920 - this is the ‘F’ version, which has the polariser controller. The board on the 


contrast (i.e. video level), external 
decoder (e.g., Videocrypt) settings, 
polarity/skew and band switching. A 
frequency scan feature is provided, so 
you can align your dish until something 
registers. This, unfortunately, is so slow 
that it is, for all practical purposes, 
effectively useless! There is also a 
‘LNB offset’ feature, which enables you 
to allow for any errors in the LNB’s local 
oscillator alignment, so that the correct 
transponder frequency is displayed. 
Frequencies, by the way, can be 
entered directly, using the remote con- 
trol like a calculator keypad. 

Among the more unique features is 
a very comprehensive parental lock 
facility, in which a personal identification 
number (PIN) must be entered in order 
to gain access to a channel — valid in 
these days of soft-porn programmes, 
from an increasing number of ‘adult’ 
channels. Unfortunately, since today’s 
technologically-literate generation of 
children can easily get round this prob- 
lem by tuning in a spare or unlocked 
channel until the wanted broadcast is 
found, may we suggest that, after ‘lock- 
ing’ channels, the remote control itself 
(and, come to think of it, the smart card 
as well) is locked away! Another 





left, populated with surface-mounted ICs, is the MAC decoder — the cardholder is clearly visible. Next 
to the MAC board, towards the top of the photo, is the polariser sub-PCB, next to this is the tiny 
Sharp tuner/demodulator. The main board is that from a SS9200 Astra IRD; note the switch-mode 


PSU on the right. 
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parental control function is provided by 
the Eurocrypt decoder, more of which 
later. In another useful ‘user’ feature, 
the MRD920 allows you to christen 
each of the first 20 channels with a 
6-character identification. One can 
assume that this was not extended to 
the remaining 79 due to memory con- 
straints. Nevertheless, the ability to 
name your own channels is a very 
user-friendly feature; for example, you 
can name those that you don’t watch 
that often so that you can recognise 
them. One user convenience that is 
missing, however, is a VCR timer — 
surprising on a modern IRD, and in 
particular one with access to SO many 
channels. An VCR timer changes to a 
particular channel at a preset time; 
most offer eight such events to occur. 
Coupled with a VCR fitted with a multi- 
event timer, this enables the desired 
programmes from several different 
satellite channels to be recorded when 
you're out. 

The information shown on the front 
panel is, unfortunately, limited to three 
indicators: ‘16:9’ (this indicates a 
transmission with a ‘widescreen’ 16:9 
aspect ratio, and also blinks when the 
receiver is in programme set up (tun- 
ing, etc.) mode); ‘MAC’ (indicates 
D2MAC transmissions); and 
‘STANDBY’. Pace rely on using your 
TV set as a display terminal when you 
are operating the receiver — and this 
can be a real pain if, for example, you 
only want to access satellite radio sta- 
tions at a particular time (for example, 
when the TV is being used for terres- 
trial pictures by other members of the 
family). | know that this practice saves 
money, but it would be good to see 
essential information (e.g., channel 
number, audio subcarrier frequency) 
shown on, for example, three or so 7- 
segment LED displays that show infor- 
mation. For radio fans in such domestic 
predicaments, Pace do, however, offer 
an ‘audio’ button, which cycles through 
the presettable audio modes — but this 
presupposes that the receiver is 
already tuned to the correct transpon- 
der. The ‘on-screen only’ method of 
controlling the receiver seems, unfor- 
tunately, to be becoming the norm. This 
aside, the MRD920 is very easy to use, 
the on-screen menus being sensibly 
organised. | did come across a prob- 
lem related to the on-screen graphics 
generation — occasionally vertical sync 
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Rear view of the MRD920F — everything but the S-VHS socket! 


would be lost. Although it could be 
cured by resetting the receiver (i.e. 
removing, and then re-applying power), 
it does demonstrate a problem, at least 
with the review sample. 








Apart from the recovering stereo audio 
from MAC transmissions, the MRD920 
also offers comprehensive audio 
facilities for normal ‘PAL’ channels. 
True Wegener Panda-1 is fitted (the 
receiver’s front panel proudly declares 
this fact), for genuine compatibilty with 
Suitably-encoded subcarriers (most, if 
not all, of them!). To get round paying 
Wegener Communications an annual 
licence fee, many manufacturers 
(including, shamefully, those of expen- 
sive multi-satellite receivers!) use 
sound-alike circuits. Panda-1 is acom- 
panding subsystem, and so any sys- 
tem that does not expand the dynamic 
range of the audio system, in propor- 
tion to the way in which it was originally 
compressed, will not sound right — gen- 
erally lacking in low-frequency energy, 
and seeming hissy and ‘scratchy’ 
at the top end. Soundalikes have 
included a low-pass filter with a 8KHz 
—3dB point (negligible hiss, but pre- 
dictably ‘dull’ sounding), and National 
Semiconductor’s LM1894 DNR sys- 
tem. Now DNR is a superb system — it 
retains the top end while removing the 
hiss without any intrusive sound effects 
— but is not, and | repeat NOT, com- 
patible with Panda-1 encoded sound- 
tracks. DNR, particularly when fitted 
with adjustable threshold, is however 
very good for cleaning up satellite 
sound — after it has been de-empha- 
sised in the correct way. Interested 
readers are directed to ‘Electronics’, 
Issue 40 (October/November 1990), 
which featured a standalone DNR pro- 
ject. It works well with noisy tapes as 
well! 

Back to the Panda-1 equipped 
MRD920. It has a total of 4 stereo 
‘modes’ (presets), and nine mono pre- 
sets. What’s more, they can all be 
tuned; this makes for a great deal of 
flexibility. The tuning range is ample — 
5MHz (This delves down into the upper 
reaches of the video signal in the case 
of PAL/SECAM, but not those transat- 
lantic NTSC transmissions with their 
4-2MHz bandwidth) right up to 10MHz; 
well done Pace! Many designers of 














new multi-satellite systems still refuse 
to believe there’s anything above 
8-5MHz, although Telecom satellite 
radio listeners will grudgingly disagree! 

The four most common subcarrier 
pairs (7-02/7:20MHz, 7-38/7:56MHz, 
7°74/7-92MHz, 8-10/8-28MHz) can be 
assigned to the stereo modes — as a 
result, it will cope with all the radio 
stations that Astra can throw at it. 
Unfortunately, the subcarriers are fixed 
180KHz apart, since this receiver uses 
the audio tuning system discussed in 
Part Five (albeit with a frequency syn- 
thesiser in place of the fixed-frequency 
crystals). This system, while fine for 
subcarrier pairs that conform to the 
Wegener specification, is no good for 
accessing the stereo radio stations on 
Telecom, which use non-standard 
spacing; for example, Classique FM, 
where the subcarriers containing the 
left and right channels are spaced by 
900KHz, and Europe 1, where the 
spacing is 350KHz. 

The first mono audio mode, Mono 1, 
operates to the 50us de-emphasis 
standard; even though narrow-band- 
width (150kKHz) ceramic filters are 
used, reasonable results are obtained 
with the wideband primary subcarriers 
(e.g., 5}58MHz, 6-5MHz, 6-65MHz, 
6-8MHz). Unfortunately, there is no J17 
de-emphasis mode, which will mean 
that certain Eutelsat/Telecom-delivered 
European channels will be delivered 
with somewhat ‘bright’ sound. It can 
still be heard, though (and with better 
sound quality than Wegener-sounda- 
likes trying their best on a Panda-1- 
encoded subcarrier!). 

Panda-1 sound on the MRD92O0O is 
extremely good — lots of sparkle and 
detail, and with minimal distortion. This 
reflects Pace’s considerable experi- 
ence with Panda-1 — its first suitably- 
equipped stereo receiver was 
introduced in 1989. Good though it is, 
it pales into insignificance when com- 
pared with the superb sound quality 
available from the MAC channels. The 
D2MAC specification allows for 4 high- 
quality sound channels, each with 
15kHz bandwidth (e.g., 4 mono, or 2 
stereo). In the place of one high-qual- 
ity channel will fit two ‘medium’ quality 
channels (7KHz bandwidth). The high 
quality channels sound superb — near- 
CD quality, better than FM radio, and 
generally limited by the broadcasters’ 
source material. The low-bandwidth 
‘commentary’ channels are not Hi-Fi 
quality, nor do they purport to be, being 
intended for speech only. MAC audio 
channels are selected via an on-screen 
menu — the actual names of the radio 
broadcasters, if any, are displayed as 
well! 

In all cases, the various audio 
modes can be accessed by simply 
pressing the ‘AUDIO’ key on the 
remote control handset. This is a boon 
— particularly for the radio stations on 
Astra, once all the relevant subcarriers 
have been tuned in and assigned to 
audio presets. Now there’s no excuse 
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for failing to discover the delights of 
these generally undiscovered broad- 
casts, which to my mind are just as 
important as the television services. 
And they’re free! 


Eurocrypt 


The MRD920, being intended prim- 
arily for Scandinavian countries 
(the instruction book also has Danish 
and Swedish sections), includes a 
Eurocrypt card reader for encrypted 
MAC channels — e.g., Filmnet/ 
TV3/TV1000 on Astra. To the average 
UK viewer, this is likely to be of little 
interest — save for the rich elite who 
can afford to be ripped off by fly-by- 
night companies offering illegally 
imported Filmnet and TV3/TV1000 
cards at grossly inflated prices! 
However, Canal Plus can be accessed, 
as mentioned earlier, by using nothing 
more than a Squarial aimed at TDF 1 at 
19°W. Canal Plus is frequently ‘soft 
encrypted’ in Eurocrypt, and so can be 
viewed without a smart card. Out of 
interest, the Trac/Ferguson BSB sys- 
tem offers a Eurocrypt ‘softscram’ fea- 
ture. On most of the clear periods that 
| have seen, boxing seems to feature 
most often! 

For the purpose of this review, a 
TV3/TV1000 card was obtained (no 
holds barred for ‘Electronics’ readers!), 
so that the various user features of the 
Eurocrypt system could be assessed, 
and indeed the system can be com- 
pared with our own Videocrypt. Out of 
interest, the Eurocrypt ‘M’ variant, 
which relies on parallel data transfer 
between card and decoder, is catered 
for by the MRD920. The rival Eurocrypt 
‘S’, which relies upon a 9600 baud 
serial interface is, unfortunately, in- 
compatible with the MRD920. 

It will come as no surprise that the 
picture quality is far superior to that 
offered by Videocrypt/PAL — and that’s 
viewing the picture after it has been 
converted from D2MAC to PAL. Lest 
we forget, the video signal is 
transcoded first from PAL, or whatever, 
into D2MAC, and at the receiver end, 
it's converted from MAC into 
RGB/sync. A dedicated Sony PAL 
coder chip is used to generate a PAL 
signal, so your favourite channel can 
be recorded, and/or displayed on a TV 
set without RGB input facilities. All this, 
and it still knocks Videocrypt into a 
cocked hat! It really does make me sad 
that Sky took this route, rather than 
D2MAC/ Eurocrypt, for its Astra chan- 
nels. However, although | would have 
been prepared to pay the £100 or so 
difference for a vastly superior system 
(that retained PAL capabilities, of 
course!) it is unlikely that the average 
Joe Public would have done so, at a 
time when the concept of DTH (Direct- 
To-Home) satellite television was new 
— at least as far as mass-marketing 
goes! 

While on the subject of the in-built 
PAL encoder, Pace have, unfortu- 
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nately, forgotten to include a S-VHS 
output, which is a pity since those for- 
tunate enough to own a suitable video 
recorder will be unable to make the 
most of the better picture quality avail- 
able using such a connection, which 
maximises the wide bandwidth avail- 
able by bypassing the chroma and 
luminance band-pass filters; these are 
not required, since in the S-VHS sys- 
tem the two components have inde- 
pendent paths (out of interest, they do 
in all VCRs that use the ‘colour under’ 
system or recording — which includes 
all domestic formats, even “grotty” 
standard VHS — Ed). It is particularly 
galling, bearing in mind the superb pic- 
ture quality of MAC broadcasts, which 
is primarily due to the fact that the 
broadcasters in question actually 
bother to find source material of suit- 


able technical merit, i.e. oroper broad- — 


cast quality — yes, there is a dig there! 
Consider all those standards conver- 
sions that take place before a MAC 
signal is watched on your TV set — this 
puts the quality of the source material 
in perspective. 

If you want the best results from the 
MRD920, though, use a direct RGB 
connection to your TV set, rather than 
the composite video one. After cor- 
rectly setting up brightness, colour and 
contrast using the ‘MAC Vision Menu’, 
the results were little short of breath- 
taking — particularly with live (studio) 
material from France 2, and quite 
frankly showed up the UK terrestrial 
channels, the technical standards of 
which have dropped considerably in 
recent years. If you want to see the 
technical quality that BSB viewers 
came to take for granted (when PAL 
material wasn’t being broadcast!), then 
this is the closest you'll get! Lots of fine 
detail and bold, natural colour abound 
(without cross-colour and cross-lumin- 
ance problems, which produce the 
notorious colour fringing and banding). 

Operationally speaking, Videocrypt 
and Eurocrypt are superficially similar. 
Viewing, or more to the point trying to 
view, a hard-Eurocrypted MAC chan- 
nel without the required smart card dis- 
plays the ‘Please Insert Card’ prompt 
familiar to UK IRD-owners without 
the cash or inclination to subscribe to 
Sky’s channels. Blanket subscription 
services apart, Eurocrypt offers a ‘pay 
per view’ (PPV) system — so does 
Videocrypt, but nobody has made 
any use out of it yet! Whether the 
Videocrypt version is anything as com- 
prehensive as Eurocrypt’s remains to 
be seen — pre-booked and impulse 
PPV are both part of the Eurocrypt 
specification. Credit (and ‘overdraft’!) 
PPV ratings are displayed, as are the 
times for which pre-booked PPV has 
been registered. For blanket subscrip- 
tion services, you can even obtain an 
on-screen history of payments. 

The Eurocrypt system also offers an 
excellent parental control system (in 
addition to the MRD920’s own parental 


lock system) — which is probably 
mandatory given the Swedish broad- 
casters’ somewhat liberal attitudes to 
pornographic films! Akin to the late and 
lamented BSB system, you can define 
the age group deemed suitable for a 
particular transmission (12 and over, 
15 and over, or 18 and over), or the 
type of film (universal — U, or parental 
guidance — PG) 





Teletext 1 


One significant feature (for UK viewers, 
at least!) that the MRD920 offers over 
the Trac/Ferguson system is an in-built 
teletext decoder, that allows pages of 
information to be retrieved from the 
MAC channels in the same way that a 
teletext-equipped TV allows you to gain 
access to Ceefax and UK Teletext in 
Britain. | would like to say that the 
MRD920 upgrades a normal TV intoa 
teletext one, enabling Sky’s teletext 
service to be recovered, for example, 
but alas no. With conventional fre- 
quency-division multiplexing (FDM) 
systems (PAL, SECAM, NTSC), the 
teletext information is broadcast in the 
vertical blanking interval. The time-divi- 
sion multiplex (TDM) MAC system 
broadcasts its teletext data in the data 
packet; the systems are thus funda- 
mentally incompatible, and this is why 
a specific MAC teletext decoder is 
required in the MRD920. Unfortunately, 
at the time of compiling this review only 
one of the MAC channels was found to 
be providing teletext — France 2, the 
French public service broadcaster — 
and even then, the MAC service was 
fairly intermittent; a quick swing of the 
dish to the France 2 SECAM service 
on Telecom 2B proved that the service 
was alive and kicking there. Why aren’t 
MAC broadcasters making more use 
out of this excellent information 
provider? One area, however, in which 
the teletext decoder is being somewhat 
better utilised is that of subtitles. My 
period with the TV3/TV1000 card 
revealed that TV1000 offers Danish, 
Norwegian and Swedish subtitles — all 
of which can be selected via an on- 
screen menu. For the hard of hearing, 
these subtitles can be recorded. 

But that’s not the only on-screen 
information feature. A ‘programme 
information’ option (similar to one on 
the Trac/Ferguson system) displays 
the name of the service, the orbital 
position of the satellite, and the satel- 
lite transponder number. It also tells 
you where the service originates from. 
This can be revealing in itself — TVS is, 
in fact, uplinked from the UK! 


What About 
DMAC? 


For all its advanced user facilities, the 
MRD920 is lacking in one crucial 
area — and one particularly relevant, 
bearing in mind the receiver’s main 
(Scandinavian) market. The unit pro- 
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vides great pictures on all D2MAC 
channels, but try to get it to work with 
a DMAC channel such as Norway’s 
NRK! That’s right, they forgot to include 
DMAC decoding capability, which cuts 
out not only NRK, but two Swedish 
broadcasters (TV2 and Kanal 1) on 
Intelsat VA-F12 (1°W), as well as CNN 
on the Thor bird at 0-8°W. | doubt very 
much that the MAC chipset used in the 
MRD920 differs drastically from that 
used in the Trac/Ferguson setup (con- 
siderably cheaper than the Pace!), and 
as a result D2MAC/DMAC control is 
probably done with software. Alienating 
themselves from customers for the 
sake of a few lines of program code? 
Now that’s a crime! To make matters 
worse, the MRD920 user guide lists 
‘NRK DMAC’ as channel 35 in its ‘pro- 
gramme line-up’! Someone, some- 
where, has er . . . cocked up quite 
badly! Pace do seem to be listening to 
their customers, though; the MRD920’s 
eventual replacement, the 199-chan- 
nel MRD 950, will include DMAC as 
well. Unfortunately, they are not listen- 
ing hard enough, since they assure me 
that a S-VHS output will not feature on 
the new model either. Whoops! The 
good news for MRD920 owners is that, 
according to Pace engineers, a soft- 
ware upgrade giving DMAC capability 
will shortly be available. 





One feature that the MRD920 does 
have is, as hinted earlier, compatibility 
with 16:9 broadcasts, when used with 
a suitable (and highly expensive!) 
widescreen TV set. However, no cur- 
rent UK-licensed broadcaster provides 
such a service at the time of writing. 
That said, who knows what the future 
will bring? Sky were rumoured to be 
looking into such a service in the recent 
past. An experimental Belgian 16:9 film 
channel, TV Plus, can be found on 
Eutelsat II-F3 (16°E), but it is hard- 
encrypted in Eurocrypt and subscrip- 
tions, if at all available, cannot be 
purchased in the UK for copyright 
reasons — lest we forget, Sky has the 
monopoly on satellite-delivered films 
for UK viewers. Clear D2MAC 
widescreens test transmissions can 
occasionally be found though, particu- 
larly from France 2. 


si ee 






Pace have thoughtfully made available 
the microprocessor-controlled 
MSP990 positioner, which cosmetically 
matches the MRD920, and the 9200 
series Videocrypt IRDs. Unfortunately, 
the review sample came with its 
toroidal mains transformer floating 
around in its innards. Should power 
have been applied in this state, severe 
damage could have been caused to 
the unit and/or reviewer! Clearly, the 
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The matching Pace MSP990 positioner — an excellent unit in its own right. Just make sure that 
nothing rattles before you plug it in! 


transformer securing bolt had not been 
sufficiently tightened prior to packing, 
and had loosened in transit. Perhaps 
Pace should do something about this 
apparent lapse in quality control. 

This niggle aside, the MSP990 can 
store a maximum of 60 satellite posi- 
tions, and is therefore well suited to 
anything the Clarke Belt is likely to 
serve up for some time yet. The unit is 
supplied with a remote control, and as 
such can be used to upgrade any 
receiver into a multi-satellite set up, 
when used with a suitable motorised 
dish. If used with a Pace receiver such 
as the MRD920 or the SS9200, how- 
ever, various MSP990 features come 
into their own. If the two units are linked 
together, the receiver’s remote control 
will also work the positioner, thus obvi- 
ating the need for yet another remote 
control. The decoder port on the rear 
panel of the receiver is connected, via 
a SCART to SCART lead (why isn’t 
this supplied with the unit?) to the ‘REC 
I/F (interface)’ socket of the positioner. 
And, just in case you still want your 
Videocrypt (in the case of the 
MRD920) or Red Hot Dutch decoder 
wired into your satellite system, you will 
be pleased to know that the decoder 
port (or two of them, to be precise) are 
duplicated on the back of the posi- 
tioner. 

Using the receiver and positioner 





Inside the MSP990. 





together as a system really works well. 
For example, a satellite position can 
now be assigned to each channel 
number — this is extremely versatile 
(remember that skew settings are also 
programmed per channel). In addition 
the positioner’s 3-digit LED display, 
which normally displays the dish posi- 
tion, can be switched to display the 
channel to which the receiver is cur- 
rently tuned — this overcomes, to a 
great extent, the ‘on-screen graphics 
only’ limitation covered earlier. 

The unit itself is extremely easy to 
set up and use, and works very accur- 
ately, with no noticeable overshoot 
when moving from one stored position 
to another. Assuming that the dish has 
been aligned to track the geo-arc 
correctly, it is a case of setting the dish 
limits (the most easterly and westerly 
satellites that can be reliably received 
without putting any strain on the dish), 
and then programming in the positions 
of the required satellites. The 3-LED 
display shows the number of feedback 
pulses counted with reference to the 
east dish limit — yes, the MSP990 is 
designed to work with an actuator (dish 
motor) that provides positional feed- 
back in the form of pulses; these can 
be derived by means of a reed switch, 
or a Shaft-encoder (the latter is the 
more reliable option, but for some rea- 
son the least common). Earlier actu- 


Maplin Magazine August 1993 

















ators that use a potentiometer for feed- 
back cannot be used; in any case, 
these were really designed only for ‘C’ 
band, where the accuracy require- 
ments are not as stringent as those for 
Ku-band systems. The actuator motor 
must be a 36VDC type, and must not 
draw more than 1A continuous (3A 
peak). 





In all, the MRD920/MSP990 combina- 
tion was a pleasure to use — offering a 
great deal of power within a limited 
space. It also performed well; MAC 
channels (including the encrypted 
Ones) came though superbly. The 
Sharp tuner/demodulator module used 
is a. good one, having a low threshold 
(6-5dB dynamic); as a result, pictures, 
even from the weaker satellites such 
as Intelsat VA-F12, stood up well 
despite the great English weather! 
The IF bandwidth is fixed at 27MHz 
(presumably for compatability with 
Astra channels) but good pictures were 
obtained with PAL channels of higher 
transmitted bandwidth (e.g., 
Superchannel on Eutelsat IIl-F1, which 
has a 36MHz transponder bandwidth). 
A slight amount of streaking was 
noticeable on peak-whites (in this case, 
the Superchannel logo, and the oc- 
casional caption), but this is to be 
expected, and in any case it is hardly 
obtrusive. The only real niggle with PAL 
pictures was a slight amount of resid- 
ual ‘dispersal’ signal, which manifests 
itself as low-frequency ‘flicker’ (the 
dispersal signal, as we found out in 
an earlier instalment of ‘Discovering 
Satellite Television’, is a25Hz sawtooth 
wave that is superimposed on the pro- 
gramme during uplink, to reduce any 
interference effects on terrestrial 
microwave links). | 

The excellent sound quality, both 
MAC and Wegener, cannot be faulted. 
If you can tolerate the DMAC omission 
(something that irritates me more, 
every time | think of it) and the lack of 
wide-band tuner, S-VHS output and 
VCR timer, the MRD920 can be 
warmly recommended — most MAC 
transcoders cost more than the 
MRD920’s asking price. The hole in 
coverage, when a motorised dish and 
triple-band LNB are used, can be 
mostly filled by putting a redundant 
BSB Squarial to work at 19°W, but 
don’t forget to get the version of the 
MRD920 that has two LNB inputs. Or, 
for that matter, the one with the 
polariser driver! 

The MSP990 positioner is also an 
excellent unit. Even if you don’t need 
the receiver, and want to upgrade your 
existng set-up into a multi-satellite one, 
this unit will accurately control your new 
motorised dish at an economical price. 
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Don’t forget to make sure that nothing 
rattles around inside, first! If your 
receiver does not offer polariser driver 
facilities, tunable audio and at least 48 
channels, my advice would be to buy 
a new receiver and/or receiver/posi- 
tioner — or get round the problem with 
a bit of electronics DIY — refer back to 
Part 4. Upmarket Astra receivers like 
the excellent Salora 5902/ITT Nokia 
SAT1100 are, however, ideal con- 
tenders for the multi-satellite treatment, 
without such modification. 

Readers might also like to know 
that a matching Pace stand-alone 
Videocrypt decoder — the VC 100 — is 
available. This does exactly the same 
job as the old Thomson one (now dis- 
continued), but is built into a much pret- 
tier case. Multi-satellite enthusiasts 
should note that this unit is the only 
stand-alone Videocrypt decoder now 
available. If you already have a multi- 
satellite set up, you may be interested 
in the D100 D2MAC/Eurocrypt 
transcoder, which offers all of the 
MRD920’s D2MAC, Teletext and 
Eurocrypt functions covered in this 
review. | 





This is, by a long shot, the best-built 
receiver out of the four in the review 
group, which is no mean feat as it’s 
one of the cheapest. In fact, the fairly 
large case (435 x 65 x 280mm) is basic- 
ally the same as that used for the 
receiver’s more expensive big brother, 
the Spirit S2. The only thing that really 
gives it away is the different logo on the 
front, and the reduced amount of sock- 
etry (no polariser output, etc.) on the 
rear. 

The Premiere 2 is billed as an ‘Astra 
receiver plus’; there are two IF inputs 
suitable for use with LNBs equipped 
with voltage-switched polarity selec- 
tion, 99 fully-programmable channels, 
and a wide variety of audio tuning 
modes. To put the Pace to shame, a 
full-band (950 to 2050MHZz) tuner is 





The Mimtec Premiere 2. | 





used — this really is excellent for a bud- 
get receiver. | am glad to see Mimtec 
putting money where it counts, but no 
RF lead is supplied (although one is 
shown in the instruction manual), which 
is fairly irritating. This was confirmed by 
Mimtec. 

Astra apart, the Premiere 2 is 
designed for use with a second dish, 
which could be aimed at another satel- 
lite of interest — for example, Eutelsat 
Il-F1 (Euronews, Superchannel, Red 
Hot Dutch), Intelsat VI-F4 (Discovery, 
Parliamentary Channel, Country Music 
Television), or Telecom 2B (M6, Arte, 
TF1, France 2). Alas, there is no pro- 
vision for controlling a polariser; with 
this receiver, multi-satellite Capability 
stops at the two fixed dishes (although 
a circuit, such as that described in Part 
Four, could be used to drive a magnetic 
polariser). 

The attractively-finished but robust 
black steel case contains the elec- 
tronics, mounted on four PCBs. A 
Videocrypt decoder is built-in; a hinged 
flap on the very solidly-made plastic 
front panel conceals the card slot, 
which can be closed with a card 
inserted, thus protecting it. Simple, and 
excellent design. Also on the front 
panel are three buttons; channel up, 
channel down and standby. In addition 
to the LNB, aerial and mains lead 
connections, there are (as with the 
MRD920) audio phono sockets and 
three SCART sockets, again for exter- 
nal decoder (MAC, Filmnet, RHD, etc), 
VCR and TV. Not bad for a budget 
receiver! Where the budget categor- 
isation does show is the lack of on- 
screen graphics — but | am glad that 
Mimtec have saved money here, rather 
than in such areas as build quality, or 
in such areas as tunable audio. The RF 
modulator tuning range, if the rear 
panel is to believed, is fairly limited (ch. 
30 to ch. 39). Fortunately, the modula- 
tor in the test unit could be tuned from 


Ch. 24 to ch. 42. This should prevent 


problems if you have got other home 
entertainment devices, such as VCRs 
and videogames, that modulate their 
outputs onto a UHF carrier. But, then, 




















a polariser, though. 


Right: Inside the Premiere 2. To the left, the Videocrypt decoder; in the 
middle, the main receiver board; on the right, the SMPSU that caused all the 
hassle! The patented Mimtec interface lurks under the Videocrypt board. 


you should all be using video connec- 
tions wherever possible, anyway! Out 
of interest, the manual states that the 
modulator is tunable between chan- 
nels 22 and 40. 

The Premiere 2 is exceptionally well- 
built inside as well; by far the best 
receiver out of the four. The main PCB 
and Videocrypt decoder PCBs are 
double-sided PTH fibreglass boards. 
So is a third board, which hides under 
the Videocrypt decoder. This is the 
much-heralded ‘patented Videocrypt 
interface’, more of which later. Like the 
MRD920, a switch-mode PSU is used, 
and its circuitry is mounted on a PCB 
that nestles on the opposite side as the 
decoder. In fact, there are many simil- 
arities between the Pace and Mimtec 
receivers, as we Shall discover. 





The Premiere 2 is simple to set up and 
use, despite the lack of on-screen 
graphics. All information, such as fre- 
quency, channel number, external 
decoder mode, LNB input and polarity 
selection is displayed via the front 
panel’s quadruple 7-segment green 
LED display. Like the MRD920, all pro- 
gramming is done via the remote con- 
trol (after all, the number of front panel 
controls is minimal). Incidentally, 
although the remote control was as 
well-made as the receiver, | was not 
impressed with its layout. For example, 
the numeric keypad is laid out in two 
rows of five keys (1 to 5, and 6 to O), 
rather than the standard ‘3 rows of 3 + 
1’ that is standard everywhere else. 
Like the case, the remote control is the 
same as that supplied with the Spirit 
S2; | wonder if any Mimtec customers 
have received the wrong receiver? 
Mimtec have devised an ingenious 
system to prevent channel information 
from being accidentally ‘wiped’ out; the 
Menu key on the remote control has to 
be pressed, followed by a user-defined 
PIN number, before any parameters 
can be change. The receiver offers a 
similar parental lock facility to that of the 
Pace, but the Mimtec system is far 
superior — since the cleverer minors 
cannot even re-tune the receiver (to 
watch what they shouldn't!) from an 
unlocked channel without Knowing the 
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Above: The rear panel of the Premiere 2, with a surprisingly high number 
of connectors, including 2 LNB inputs and 3 SCART sockets. No output for 








PIN number. And with 9999 possible 
combinations to choose from, they 
could be trying for a long time (just 
don’t forget the PIN number yourself!). 

Like the Pace, transponder fre- 
quency entry can be direct, or via the 
channel ‘up’ and ‘down’ keys. Since 
the display only has four digits, the four 
least significant digits of the desired fre- 
quency are entered (e.g., 0950 for a 
transponder frequency of 10-950GHz. 
The frequency entered, out of interest, 
is the first IF frequency, i.e. that sent 
down the coax from the LNB. Like the 
Pace, an ‘LNB offset facility is included, 
to compensate for those off-frequency 
LNBs. 





Reflecting the increased choice avail- 
able from satellite television today, the 
Premiere 2 — unlike the Pace — offers 
a VCR timer, which allows 4 events to 
occur over 4 weeks. This is another 
useful feature, as we have discussed 
earlier, since it means that VCR own- 
ers have the option of time-shifting pro- 
grammes from more than one satellite 
channel. And, unlike most modern 
VCRs (why can’t these go back to sens- 
ible designs, like the 2 week/8 event 
one used on Thorn/JVC machines of 
the mid-80s7), it’s easy to use. It even 
switches on one minute before its pre- 
set time, which is more than enough 
time for your VCR to lace up — and 
that’s assuming that they both come on 
at the same time. Of course, this timer 
facility depends on an internal 24-hour 
clock, which must be set with the cor- 
rect time and day of the week. To save 
the clock setting from accidental mis- 
setting, your PIN has to be entered first. 
Once entered, the time is available 
by pressing the ‘time’ button on the 
remote keypad — handy to set your 
watch by. Unfortunately, Mimtec have 
committed the cardinal sin of failing to 
include battery back-up — a momentary 
glitch on the mains, and you lose your 
clock and timer settings. Satellite fans 
in rural areas watch out! 









Audio Provisions 
Like Pace, Mimtec are licensed to use 
the Wegener Panda-1 system for the 














narrow-bandwidth sound subcarriers, 
this fact being emblazoned on the front 
panel (as for the MRD920) with a 
‘Panda’ logo. The Premiere 2 offers a 
wide range of audio modes, each of 
which can be selected using the ‘Audio’ 
button on the remote control; there 
are four fixed stereo modes 
(7702/7*20MHZ, 7°36/7°56MHZ, 
7°74/7-92MHz and 8-10/8-28MHz), and 
one fully tunable. Unfortunately, like the 
Pace the subcarriers are fixed 180kKHz 
apart, so if you want stereo radio with 
non-standard subcarrier spacing, for- 
get it! 

There are also eight fixed mono 
modes (frequencies as above), and 
one tunable. Unlike the fixed modes, 
which use Panda-1, the tunable one 
has 50us de-emphasis, and is thus 
suited for use with the primary subcar- 
riers of other satellites — this means 
that the Premiere 2 can cope with vir- 
tually everything that’s thrown at it son- 
ically (except, of course, those stereo 
radio stations on Telecom!). Admittedly, 
there’s no J17 de-emphasis, but the 
Premiere is only a budget receiver. In 
any case, you can still hear the sound 
— which is more than you can with earl- 
ier budget receivers with their fixed 
subcarriers. As with the Pace, the 
sound IF bandwidth is fixed, in this 
case at 180KHZ; this limitation did not, 
however, present any problem with the 
wideband primary subcarriers. In both 
stereo and mono tuning modes, the 
subcarrier tuning range is fairly limited 
(5-5MHz to 8-5MHz), but unless you 
specifically want to gain access to 
Telecom’s weird and wonderful French 
radio stations, it is perfectly adequate. 
Not one for knocking a gift horse in the 
mouth | welcome, with open arms, the 
provision of fully tunable audio on a 
receiver in this price range. 

The sound quality was very good — 
certainly among the best of the genre, 
and certainly better than the Wegener 
soundalikes employed by other manu- 
facturers. It was, perhaps, a little limited 
in ‘top end’ and bite when compared to 
the MRD920, but its performance at 
the lower end of the frequency range 
was much better. All in all, the Premiere 
2 gave a far better account of itself, in 
the audio department, than any of the 
budget Astra-type receivers of only a 
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couple of years back — and, come to 
think of it, many multi-satellite systems 
as well. Like the Pace, all audio fea- 
tures are easy to use, and so there is 
no excuse for seeking out those elu- 
sive satellite radio stations. One point, 
omitted from the manual, is how to 
store the desired audio mode for a par- 
ticular channel. Locate (or tune) the 
desired subcarriers; as soon as you 
find them, press both ‘store’ buttons on 
the handset simultaneously. Whenever 
you Change channels, you will now find 
that the audio modes follow suit; radio 
stations can now have their own dedi- 
cated channel numbers (great for 
timer-taping your favourite satellite 
radio programme when you’re out)!). 
| find this omission in the manual par- 
ticularly interesting, since Mimtec 
receivers have always sold on their 
audio capabilities alone! 


Don’t Forget the 
Video! 

As mentioned, the Mimtec features a 
built-in Videocrypt decoder for recep- 
tion of Sky’s subscription channels, and 
all of the others that are now attempt- 
ing to extract our hard-earned cash 
from us (out of interest, the retail price 
of the Premiere 2 is considerably less 
than an annual subscription to Sky’s 
pay-TV channels. Monopolies are 
helpful things . . .) Unfortunately, the 
picture quality of the Videocrypt system 
is notoriously bad; this, out of interest, 
is compounded by the extremely poor 
technical quality of some of the mater- 
ial shown by satellite broadcasters. 
When you consider that Videocrypt 
dices each picture line into several seg- 
ments, before reassembling them in a 
different order prior to transmission (the 
‘cut and rotate’ system), and that each 
line has to be reconstructed at the 
other end, it’s amazing that the system 
works at all. Videocrypt, incidentally, 
was one of the systems discussed in 
Part Three of this series. One can 
expect some degradation of the pic- 
ture quality, which tends to be notice- 
able as ‘streaking’, but bearing in mind 
the high cost of pay TV, a significant 
number of people (author included) are 
not happy with it. Many Astra veterans 
will remember the staggering drop in 
picture quality when Sky Television 
started scrambling its ‘Sky Movies’ 
channel in 1990, after a grace period 
of a year. This situation is set to repeat 
itself now that the broadcaster is plan- 
ning to encrypt its Sky News and Sky 
One. Others are waiting in the wings 
to do so, although ‘Videocrypting’ is a 
mainly British phenomenon, and thus 
pan-European broadcasters, such as 
MTV, will choose something accept- 
able to all of the main countries within 
the Astra footprint. For example, the 
Premiere and Teleclub channels are 
now firmly established using Syster; it 
is unlikely that the German public will 
spend over a hundred pounds (or 
whatever that is in Deutsche Marks 
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these days!) for a box that will only pro- 
vide MTV or whatever — and an annual 
subscription on top of that. If Eurosport, 
now merged with Screensport, decides 
to scramble, it will probably be in 
Videocrypt whatever happens. Only 
time will tell for sure, though. 
Because of the explosion in the 
number of Videocrypted channels, and 
the level of dissatisfaction with the poor 
picture quality, Mimtec engineers have 
developed (and patented) a special 
interface circuit that sits between the 
decoder and receiver. Apart from pur- 
porting to improve the picture quality, 
the circuit is said to overcome another 
criticism of Videocrypt, quickening 
access times to scrambled channels. 
Normally, there is a lengthy wait for the 
decoder to ‘figure out’ just what is going 
on, and to select either the ‘straight 
through’ signal, or the output from the 





Close-up view of the Mimtec Videocrypt inter- 
face PCB — the subject of much controversy. 


Videocrypt circuitry — this comment 
applies, most noticeably, when 
changing from a clear channel to a 
Videocrypted channel, and vice versa. 

A quick look at the circuit board 
allows us to guess as to how the inter- 
face works. Most noticeable are sev- 
eral multi-pole LC filters. The first filter 
is on the decoder input, and is likely to 
be an anti-aliasing low-pass filter to 
remove any signals (spuriae, etc.) out 
of the bandwidth of the Videocrypt 
decoder’s ADC. Of course, the filter 
must have an extremely sharp 
response, so that the higher frequen- 
cies — which relate to the fine detail — 
of the picture information are pre- 
served. After the digitised picture in- 
formation has been manipulated into 
the correct order by the cut and rotate 
algorithms, it is converted back into 
the analogue video signal by a DAC. 
And this is where the other filter is, 
removing unwanted high-frequency 
conversion products (‘hash’) from the 
output of the DAC. Again, the fre- 
quency response of the filter has to be 
sufficient such that the fine detail is 
retained. Other circuitry on the board 
includes video amplifiers (complex 
filters such as those used have sig-- 
nificant insertion loss) and the fast 
switching system. This appears to be 
based around an application-specific 
IC — probably a custom logic gate-array 





of some description. 

But how did it perform? On clear 
Astra channels — particularly the 
German ones with their superior pic- 
ture quality — crisp, clear pictures were 
obtained that could put many more 
expensive systems to shame. The 
baseband demodulator threshold is 
clearly low — reasonable pictures were 
produced from channels on the 
‘weaker’ satellites (e.g., TVN on 
Intelsat VA-F12 at 1°W), using the 
large dish. 

Unfortunately, the results with 
Videocrypt channels were disappoint- 
ing. There was severe patterning, and 
the notorious Videocrypt streaking 
was more evident than on other set 
ups — ironically systems without the 
benefit of Mimtec’s interface (in par- 
ticular, the original Thomson 
Videocrypt decoder, used with the 
MRD920 and the Technisat ST-6002S 
— reviewed next month). You might be 
thinking, at this stage, that | was sent 
a rogue sample — and you would be 
right! A second Premiere 2 was duly 
sent — apparently the power supplies 
used in a recent batch had problems; 
Mimtec assure me that such gripes 
have since been ironed out. The 
replacement receiver exhibited none 
of the patterning — but the streaking 
was still there. Another call to Mimtec 
(their service department, by the way, 
is very helpful) resulted in another 
power supply winging its way to yours 
truly. A cable harness links the PSU to 
the main PCB; the power supplies 
were physically incompatible, requir- 
ing slightly different cases — and cable 
harnesses! Luckily, my Suspicions 
were aroused, and just as well — had 
| connected up the new supply indis- 
criminately, the receiver would have 
died a nasty death — the connections 
were also incompatible! Mimtec faxed 
down power supply circuit diagrams, 
and the cable harness was re-made 
accordingly. However, no improve- 
ment in the Videocrypt picture was 
yielded. It should be noted, at this 
point, that the test channel was UK 
Gold (my current favourite!), since at 
the time of writing this is available to 
everyone with a Videocrypt IRD, 
regardless of whether or not they sub- 
scribe to Sky. Mimtec recommended 





Close-up view of the Premiere 2’s well- 
designed card slot. 
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would appear to work, then, but | feel 
that it needs further refinement. Full 
marks to Mimtec, though, for actually 
trying to limit the shortcomings of 
Videocrypt. Perhaps the Premiere 2 
could be made, as an option, for £20 
or so less without the interface board. 
The receiver would then wipe the 
floor with the competition — in all other 
respects it is an excellent receiver, 
and certainly the best-made budget 
receiver | have come across! It would 
be nice to see a polariser interface (at 
least as an option, ala Pace), but we single LNB input: No longer available 
start invading the territory occupied Pace MRD920, with dual LNB inputs: 
by Mimtec’s other contender, the £299 


shortcomings, but both capable of 
excellent performance and supplied 
with features not even dreamt of three 
years ago! In next month’s issue, we 
will look at two receivers for the satel- 
lite enthusiast — the Echostar SR50, 
fitted with Eurosat’s Threshold 
Assistance Device, and the new 
Technisat ST-6002S. 





Retail Prices 


Pace MRD920, no polariser driver, 





Pace MRD920 remote control handset. 





that the test should proceed using 
Sky’s hard-encrypted movie channels 
— and what do you know, much better 
results all-round — in fact, a slight 
improvement on the other two sys- 
tems mentioned earlier. Perhaps 
somebody could explain this! 
However, | expect improvements on 
all channels. Perhaps Mimtec engi- 
neers don’t watch UK Gold (they only 
give Sky’s subscription number in the 
manual), but participants in a recent 
What Satellite TV readership survey, 
UK Gold was voted the most popular 
channel — and you can’t argue with 
the public! Picture quality aside, the 
interface really did improve switching 
times — so no problems there! 
Mimtec’s Videocrypt interface 






























68 


Spirit S2. 
So here we have two very different 
IRDs, each with their own quirks and 





Mimtec Premiere 2 remote control handset. 


Pace MRD920, with dual LNB inputs 
and polariser drive capabilities: £329 
Pace VC100 Videocrypt decoder: £119 
Pace D100 D2MAC/Eurocrypt trans- 
coder: £229 

Mimtec Premiere 2: £199 


Contact Addresses 
Pace Micro Technology, 
Victoria Road, 

Saltaire, 

Shipley BD18 3LF. 

Tel: (0274) 532000. 
Mimtec Limited, 

2 Hutton Square, 
Brucefield Industrial Estate, 
Livingston EH54 5DD. 

Tel: (0506) 416262. 


This superb system is primarily intended for use 
with the Astra cluster of satellites. The receiver fea- 
tures 99 channels, a 2GHz tuner, a versatile decoder 
loop, fully tunable audio with stereo sound and infra- 
red remote control. Used with suitable ancillary 
equipment, this receiver could form the basis of an 
excellent multi-satellite system. The TechniSat 
‘Satenne’ antenna is a development of the old BSB 
‘Squarial’, and it is intended for use instead of a 
Small dish for high-powered satellites like Astra. 
Measuring a mere 47cm across each side, it is fit- 
ted with a low-noise LNB and it is, we're sure you'll 
agree, a good deal more unobtrusive than a dish! 

For each of the four runners-up, we also have 
a great prize lined up. A copy of the extremely read- 
able Newnes’ Guide to Satellite Television, which 
looks at everything from first principles, to dish 
installations, could be yours! 

To enter the contest, all you have to do is answer 
four extremely simple questions. Write your answers 
on a postcard or sealed-down envelope (don't for- 
get to include your name, address and daytime tele- 
phone number!) and send it to: 





lf you’ve enjoyed reading the ‘Discovering Satellite Television’ series, you will (no doubt!) be wanting 
to sample the delights of satellite television at first-hand. To enable one lucky reader to achieve this 
aim, for the price of the postage stamp, we’ve got a TechniSat ST 2002S satellite receiver, and 
Satenne flat plate aerial, to give away. 


TechniSat Satellite System Contest’, The Editor, 
‘Electronics — The Maplin Magazine’, P. 0. Box 3, 
Rayleigh, Essex, SS6 8LR. Employees of TechniSat 
(UK) Ltd., or Maplin Electronics PLC, and family 
members of same, are not eligible to enter. Also, 
please note that multiple entries from one and the 
same family group will be disqualified. 


Closing date for entries: 31st August 1993. 
So, move into the space age now! 


1. On which satellite can you find Sky 
Movies Plus? 
a) Discovery. 
b) Telstar. 
C) Astra. 
d) Telecom 1C. 


2. Which of the following is not a type of domes- 
tic satellite receiving aerial? 
a) The parabolic dish. 
b) The Editor's hat. 
c) The ‘Squarial’. 
d) The Cambridge ‘Squish’. 


3. What is UK Gold’s encryption system? 
a) Videocrypt. 
b) It hasn't got one. 
c) Crypt-o-matic. 
d) Enigma. 


4. How many parts of the ‘Discovering Satellite 


Television’ series have been published in 
‘Electronics’ so far (including this part!)? 

a) Four. 

b) Five. 

¢) Six. 

d) Seven. 
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s it sunny outside? If it is then you 

could be in for a treat. Imagine if 

your favourite electronic toy could 
work without having to be plugged 
into the mains or use expensive be 
teries that keep going flat. Well, if you 
had the correct size solar panel and 
some sunshine, then it is possible that 
you would never need to use another 
power supply again! 


How a Solar Panel 
Works 


A solar cell is made from a thin disc of almost 
pure silicon crystal. When the silicon crystal 
is being formed, a small amount of Boron is 
added. This Boron gives the crystal a unique 
characteristic, which is that it has a positive 
electric charge. This part of the cell is called 
‘ptype’ silicon ('p’ for positive). 

The second part of the cell is called ‘n-type’ 
silicon. unlike the p-type, this contains a small 
amount of Phosphorous instead of Boron. This 
Phosphorous gives the material a negative 
charge ('n’ for negative). The p-type and 
n-type layers are combined fo produce a 
neutral cell. 

When radiation (photons of light) penet 
rates into the junction of the ntype and p-type 
silicon, it creates a flow of electrons (neg- 
atively charged particles) throughout the crys- 
tal structure by ‘knocking off’ electrons from 
the outer electron shell of the atom, leaving 
a ‘hole’. 

The crystalline structure of the silicon con- 
tains empty areas (‘holes’) which will accept 
electrons. As one electron moves to fill a hole, 
it creates another hole. It is this flow of elec- 
trons which produces electricity. The electrons 
are not ‘lost’ as they leave the negative 
terminal of the solar panel, because they are 
replaced with the electrons flowing into the 
positive terminal of the solar panel. 


Applications of Solar 
Energy 


You will have most probably seen solar cells 
being used in everyday applications such as 
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solar powered calculators and watches. For 
low powered applications solar cells are 
ideal, but anything that requires more power 
will need larger panels and more sunlight. 

As a power source, solar energy is best 
suited to providing electricity for remote 
places where large arrays of panels can be 
set up without damaging the aesthetics of the 
surrounding area. A good example of this 
is in space, where solar panels are used 
to power satellites. Here solar power is 
extremely important, as it would be impractical 
to pop down to the local shop for a fresh set 
of batteries! Another important factor is that 
an array of panels is lighter than the equi- 
valent battery, therefore the fuel cost of initially 
launching a satellite into space is consider- 
ably reduced. 

In fact most of the developments in solar 
power have been helped by the space indus- 
try. If you look closely at some cheaper pan- 
els you will see that they appear to be made 
up of broken pieces, this is because they are 
made from the offcuts of panels that are not 
efficient enough for commercial purposes. 











Advanced solar kit shown 
powering a fan. 


Basic solar kit shown 
powering a fan. 


Experiment Yourself! 


If you are interested in experimenting with 
solar energy, you might be interested to know 
that various educational kits and separate 
panels are available. The basic kit (Order 
Code BZ48C) contains one 0.9V 400mA 
panel, a small DC motor, connecting wire, a 
plastic fan, turntables, and coloured spinner 
discs and pictures. The basic kit is ideal for 
children to learn while they play, and should 
whet their appetite for finding out more. 

The advanced kit (Order Code BZ52G) 
takes the theory of solar power a stage 
further. The kit contains eight 0-4V 100mA 
cells, which enable the user to learn about 
different configurations and experiment 
with varying outputs of voltage and current 
(ranging from 0-8V at 400mA to 3-2V at 
100mA), which is useful for powering other 
devices such as radios, calculators and 
other low powered items. The kit also con- 
tains a small DC motor as well as two plastic 
spinners, plastic fan blades, a stand for the 
fan, a tray for the cells, and a detailed book- 
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Advanced solar kit 
showing parts supplied. 


Solar Cells 

mA Vv DC 
200mA 0-45V 
400mA 0-45V 
700mA 0-45V 
400mA 0-9V 
AO00mA (with motor) 0-9V 


Solar Panels 

mA V DC 
50mA OV 

30mA 12V 
250mA 12 to 16V 
500mA 12 to 16V 


Different cell configurations 
can be arranged by bolting 


on brass strips. 


Size mm 

55x35 x12 
75x 45x |Z 
95x 65x12 
95 x65x 12 
95x65x 12 


Size mm 

146 x 105x123 
146x 105x132 
292 x 239 x 17 
254x283x17 


Order Code ss Price 
BZ43W £1.48 
BZAAX £1-98 
BZA5Y £3-95 
BZA46A £3-95 
BZA7B £4.95 


Order Code Price 
RK23A £9.95 
RK24B £11-95 
BZ50E £39.95 
BZ51F £59.95 

















let explaining everything from how it works 
to how to configure the cells to provide 
different outputs. 

Other solar cells and panels are also avail 
able, ranging from the 0-45V, 200mA cell 
to the higher capacity 12V, 500mA solar 

anel, which is capable of charging sealed 
ead acid batteries. A useful application for 
the 500mA 12V panel is as a car battery 
trickle charger, for example, where the panel 
may be laid on a car’s rear window parcel 
shelf. Both 12V solar panels include reverse 
blocking safety diodes for battery charging 
applications. A summary of these items is 
presented below. 

For those of you with ‘green fingers’, a 
‘Solar Powered Plant Turner’ (Order Code 
BZ49D) makes use of the sun’s energy to 
rotate a turntable (with the aid of a motor and 
reduction gear train) so that your plants will 
grow evenly, in other words not lopsidedly 
as a result of reaching towards the light! 
Other possible uses for this item could include 
those for display purposes in shop windows 
or to create an eye-catching display in glass- 
fronted display cabinets. The ‘Plant Turner’ 
can also be driven from suitable artificial 


light, especially bright incandescent light. 
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-Areaders forum for your views and com mments. 


P | niting Problem 


ith letence tolast year’ sseries 
electronic ignition, | wonder if the 
automobile systems covered could 


_ be adapted for use with model aircraft 


_ engines. However, being a total 
_ electronics dunce | wonder if you 
_ could answer some queries for me. 


____Isthis system adaptable (or, 

. alternatively, do you have acircuit 

_ suitable) for model internal combustion 
_ engines. Obviously, the basic 


requirements wouid be (i) lightweight 


(ii) 4-8V Ni-Cd power requirements, and _ 


(ill) automatic advance and retard. 
Derek Bradley, Cheshunt, Herts. 


Are) you saying that you can still obtain 


spark plugs for model engines? We 


would have thought that the glow plug 
_ was more or less the obvious device 


_ touse in this application. While model 
engine spark plugs have existed, they 


have the attendant problem of requiring 
___ abattery, coil and points, whichis all 


extra weight and bulk. Anignition 


___ amplifier would add even more bulk, 


and it would need a large model 
aeroplane to carry it all! lt may be. 
possible to pack the amplifier into a 

_ small space by encasing it in resin or 
using a very small metal box. A plastic 

_ packaged BU47 could be used in place 
of the much larger T03 BU208 as an 

_ output switching transistor to save 


Space (it also requires less bias current - 
_ andthus asmaller size bias resistor). 


_Wecan see noreason why the amplifier 


 cannotoperate at 4-8V, providing that 


this is satisfactory for the coil, except 


thatthe NE555 IC usedin the circuit _ 


cannot work at less than 5V supply. 
Personally | wouldn't bother—glow 
plugs are muchsimpler! 


- Discharging an Idea 


Dear Editor, 


My work is the servicing and repair of 
domestic TV and video equipment and — 
inthe course of this | frequently have 
_ toreplace large and expensive static- 

_ sensitive integrated circuits. 


-_l'venever bothered with an earthed wrist- 


strap or anything like that;instead!'ve 


: adopted the ‘red carpet’ approach. The 
bench! work on is covered with short pile 


carpet (red in this case —| was given it by 
_ aneighbour) which | treated with Anti- 
Static solution. Underneath the carpet 

is alayer of Baco-Foil, about 1in. less 

in dimension than the carpet. This is 
connected to mains earth by a4M7_~ 
resistor and 100pF capacitors in parallel 


—both components taken fromthe mains 


isolation barrier of ascrap TV set, and 


OK to BS415. Earthconnectionsofany 


soldering/desoldering equipment are - 
connected to mains earth through a — 
similar network. 

Over the last seven years | must have - 
replaced thousands of integrated circuits 


—CMOS and otherwise— and have never _ 


damaged one through a build-up of static. 
The only other thing | do is to make sure © 
| am in physical contact with the ‘red 
carpet’ when removing a device from its 
packing. 
The reason for the earth connections 
Jmade via a resistor and capacitor 
rallel is simply that, because of the 
presence of live mains in equipment 
ing serviced, | operate in an ‘earth- 
free’ area. If the only voltages present 
on readers’ work-benches are those on 
an isolated low-voltage power source, 
then these components can be omitted: 
However, I'dinclude them forsafety's _ 
sake, for there's always a first time! 
Richard Flowerday, Harborne, 
Birmingham | 


Y ue re a real down to earth guy then 


i 1993 Maplin vein 


| Dear Sir, | 
| |read with interest your snippet on your 


This month’s Star Letter Award winner 
of a £5 Maplin Gift Token is Peter 
Rhymes, of Brackley, Northants, 

who has some comments about valves... 


| Valves vs. Transistors 


planned 20W valve amplifier (Air Your 
Views, ‘Electronics’ June 1993). It. 


sounds very good (no pun intended!), | 


but are valve amplifiers really that. 


practical? How many hours of listening - 


pleasure can one expect beforethe | 


performance starts to tail off, ora valve 
goes open circuit (if that’ s what they 


do!). 


The kit | would pve to seeis something _ 

similar to yourLT11M,butan80Wper 
channelstereoversionforserious = 
domestic use — an amplifier that would 


match the £300 to £400 commercial 
amplifiers on specification, but for 


approximately half the cost. 


| believe that there is a large market for 
this type of kit. So come on you Maplin 
boffins, and get designing! 


Mike Holmes (designer of said 20W 


valve amplifier) replies: 
__ | Wereally shouldn't be surprised, of 
course, that any planned Maplin project 
_Involving valves (or anything having 
valves) might be treated with ‘suspicion’ 
_ byourreaders. Asamatteroffact,the  __ 
20W amplifier project is well in hand, is 


| An Amateur Gets 
: Professional / 
_Dear Sir, 
| recently made a speculative purchase 
_of your issue No.64, because of the 


series ‘Using Professional Audio’—a 
particular interest of mine — and | feel 
compelled to write with my initial views 
on this series. 

At the outset, let me say that! am not 
involved professionally in any aspect of 


electronics, and can comment only as 
~_a(hopefully) knowledgeable amateur. 


Bearing in mind the BBC background of 


. | ‘so going to obe a reality, and will appear 


yt 


‘open-circuit’, inm 


Hi-Fi magazines, everything uses © 


valves now—evensome CD players! _ _ 


ionis that 


transistor amplifiers are ‘flatandboring’ | 


in comparison. A good number of 


Maplin magazine staff members are - 
now getting heavilyintovalves,and 
the Mapliniabwouldliketoseean 


increased range of amplifiers for 
different purposes in the future using — 
valves, but it depends on how the 


_firstprojectisreceived!Touseanold 
| adage, don'tknock ittill you've tried it! . 


your contributor, | must profess to being 
th al 


J | ave io take) issue wit 
LL content as follows: - 


/ a an brane nced output 
_ merely consists of equal-level 


enty odd years of 
them idoff), 'venot | 
| hadone doit yet (though there's always 
_ afirsttime!). Similarly, |haven'treally — 
| noticed a valve going off’, though this _ 
| really depends on the quality of the | 
_| device in the first place. The . 
| performance of a valve amplifier does 
| notautomatically tailoff. Valvesare = |_—- 
-NOTinferior, they're just diffe 
_| The enormous amount of tim 
| work which originally went int. 
development of popular types is no 
_ obvious in this solid-state age. Ifyou — 
| enjoy yourmusic, they areagainthe 
preferred choice; just look at the recent ’ 


er (hs GoM 


ue such 


in greater lip ionk fale but, 
series that purports to be 
al’ should be 6 ena 


(ii) Hive any stated that ‘these 


_ diagrams are a simple way of 


describing how it may be done, and 
different manufacturers will achieve 
the same result in a variety of ways’, 
and that ‘the SSM2142 has a differential 
gain of 6dB’. Of course there are many 
ways of doing this. However, |am 
puzzled by your desire to ground one 
leg of the balanced line, and thus 
destroy all you have set out to achie ve 











These are our top twenty best 
selling books based on mail 
order and shop sales during 
May’93. 

Our own magazines and 
publications are not included 
inthe chart below. 


IC 555 Projects 





NO 
CHANGE 


1C555 Projects, by E.A. Parr 
(LY04E) Cat. P76. Previous 
Position: 2. Price £2.95. 





‘ Home VCR Repair Illustrated, by 
Richard Wilkins & Cheryl Hubbard. 
(W2Z32K) Cat. P89. Previous 
Position: 3. Price £13.95. 


MMI NV ENCE 





HIGH POWER LOUDSPEAKER 
ENCLOSURE DESIGN AND 
CONSTRUCTION 


Loudspeaker Enclosure Design and 
Construction, (WM82D) Cat. P79. 
Previous Position: 6. Price £9.95. 





Power Supply Projects, by R.A. 
Penfold. (XW52G) Cat. P73. 
Previous Position: 9. Price £2.50. 





An Introduction to Loudspeakers 
and Enclosure Design, by V. Capel. 
(WS31)) Cat. P79. Previous 
Position: 5. Price £2.95. 
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From Yous 
Multimeter 
by R.A. Penfold 


A unique, and very useful book, 
showing you how to best 

use your multimeter. 

(WP94C) Cat. P70. 


Previous Position: 1. 
Price £2.39 








AConcise “Sk 
MS-DOS 





N.KANTARIS. 





The Complete VHF/UHF Frequency 
Guide, by B. Laver. (WT70M) 

Cat. P86. Previous Position: 10. 
Price £9.95. 


AConcise Introduction to MS-DOS, 
by N. Kantaris. (WS94C) Cat. P98. 
Previous Position: 4. Price £2.95. 





Pix PEPER 


NO 
CHANGE 





How to Use Oscilloscopes and 
Other Test Equipment, by R.A. 
Penfold. (WS65V) Cat. P70. 
Previous Position: 11. Price £3.50. 


International Transistor Equivalents 
Guide, by Adrian Michaels. 
(WG30H) Cat. P66. Previous 
Position: 8. Price £3.95. 





How to Expand, Modify and Repair 
PCs and Compatibles, by R.A. 
Penfold. (WS95D) Cat. P102. 
Previous Position: 7. Price £4.95. 


How to Use Op Amps, by E.A. Parr. 
(WA29G) Cat. P69. Previous 
Position: 16. Price £2.95. 











50 Projects Using Relays, SCR’s 
and Triacs, by F.G. Rayer. (RH30H) 


Price £2.95. 





The Maplin order code of 
each book is shown together 
with page numbers for our 
1993 catalogue. We stock over 
250 different titles, covering a 
wide range of electronics 

and computing topics. 





Servicing TV and Video Equipment, 
by Eugene Trundle. (WS76H) 

Cat. P89. Previous Position: 14. 
Price £25.00. 





RE. 
ENTR 





More Advanced Power Supply 
Projects, by R.A. Penfold. (WP92A) 
Cat. P73. Previous Position: 
Re-Entry. Price £2.95. 


WASHING 
MACHINE — 





RE. 
ENTR 





The Washing Machine Manual, by 
Graham Dixon. (WS98G) Cat. P89. 
Previous Position: 12. 

Price £11.95. 


Electronic Music Projects, by R.A. 
Penfold. (XW40T) Cat. P81. Previous 
Position: Re-Entry. Price £2.95. 


50 Simple L.E.D. 
Circuits 





Electronic Security Devices, by 
R.A. Penfold. (RL43W) Cat. P75. 
Previous Position: 13. 

Price £2.95. 


50 Simple LED Circuits, by R.N. Soar. 
(RF 12N) Cat. P77. Previous Position: 
18. Price £1.95. 


Pe 


ROBOT BUILDER’S 
BONANZA 
99 INEXPENSIVE 
ROBOTICS PROJECTS 


50Projects 
Using Relays 
SCR’s & Triacs 





The Robot Builder's Bonanza, 

by G. McComb. (WT77ZJ) Cat. P103. 
Previous Position: 20. 

Price £14.95. 


Cat. P73. Previous Position: 19. 
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IBM PC OPTO-ISOLATOR 
CARD 


Give your IBM PC, or compatible, eight 
optoisolated inputs and eight optoisolated 
outputs, controlled from BASIC. 

Order as LT17T, Price £27.95. 

Details in ‘Electronics’ No. 66 (XA66W). 


FT 
QUIPUT 


4 77 . CP -» | ANALOGUE & DIGITAL 
e@ Mii DEVELOPMENT UNIT 


| Ms name it, this unit’s got it! Multi-output 
us ga ixed and variable power supply, logic 
5 ieee and Digital indicators, switched logic outputs, oscillator. 
evelopment Unit Order as LT26D, Price £49.95. 
a Details in ‘Electronics’ No. 66 (XA66W). 


6/12 CHANNEL 
MODULAR MIXER 


Details of the various modules that form the 
6/12 Channel Modular Mixer can be found in 
‘Electronics’ Nos. 59 (XA59P), 60 (XA60Q), 
61 (XA61R), 62 (XA62S), 63 (XA637T), 

64 (XA64U), 65 (XA65V) and 66 (XA66W). 


SYNTHESISED DIGITAL 
VHF/FM TUNER 


Microprocessor-controlled single- 
conversion VHF stereo FM phase-locked 
loop (PLL) tuner with alphanumeric display 
nad infra-red remote control. 

Order as VF20W, Price £199.95 [H]. 
Details in ‘Electronics’ No. 67 (XA67X). 


IBM PC PROTOTYPING 
SARE 


This card has a matrix of DIL IC spaced 
solder pads and power rails and has on- 
board uttering, address decoding and 
selectable base address. 

Order as LT14Q, Price £29.95. 
Details in ‘Electronics’ No. 67 (XA67X). 


50W HI-FI POWER 
AMPLIFIER 


A high quality 50W amplifier with very low 
distortion (<0-05% at 1kHz, 40 load) ideal 
for Hi-Fi systems or as a subwoofer amplifier. 
Order as LW35Q, Price £19.95. 

Details in ‘Electronics’ No. 67 (XA67X). 


Maplin’s ‘Get- You-Working’ 
Service is available on ALL 
of these Project Kits. 


These descriptions are necessarily short. 
Please ensure that you know exactly what the 
kit is and what it comprises before ordering, by 
checking the appropriate issue of ‘Electronics’ 
referred to in the list. The referenced back- 
numbers of ‘Electronics’ can be obtained, 
subject to availability, at £1.75 per copy 
(Issue 66 and 67: £1.95 each). 

Carriage Codes — Add; [A]: £1.40, [B]: £2.00, 
(Cl): £2.55, [D]: £3.05, [FE]: £3.60, FF]: £4.10, 
[G]: £4.95, [BH]: £5.50. 


To order Project Kits or Back-numbers of ‘Electronics’, ‘phone Credit 

Card Sales on (0702) 554161. Alternatively, send off the Order Form 

in this issue, or visit your local Maplin store at Birmingham, Brighton, 
Bristol, Cardiff, Chatham, Coventry, Edinburgh, Glasgow, Ilford, 
Leeds, Leicester, London (Edgware, Forest Hill and Hammersmith), 
Manchester, Middlesbrough, Newcastle-upon-Tyne, Nottingham, 
Portsmouth, Reading, Sheffield, Southampton and Southend- 
on-Sea. Plus NEW stores opening soon in Milton Keynes, Slough 
and Stockport. All items subject to availability. Prices include VAT. 


- THE POSITIVE 
FORCE IN ELECTRONICS 








Mo 





@NY7=) aay 40[ 0M exo) (0) 0] am of-\e1.<-10 m erale(= om Vilamalelalelasrels 
of brand New Products at Super Low Prices, 
on sale from 3rd September, only £2.95. 








